
 

 
 
 
 
 
VIA EMAIL 
 
February 22, 2013 
 
 
Lois Henry 
Bakersfield Californian  
lhenry@bakersfield.com       
 
Re: Public Records Request - PRR # 2013-294 
 
Dear Ms. Henry: 
 
This is a response to your request for public records under the California Public Records Act (CPRA), dated 
February 20, 2013, in which you requested (1) A copy of the "second public records request submitted by a law 
firm on behalf of Arysta" (2) All correspondence regarding that "second public records request" between UCLA 
and the firm representing Arysta (3) All records provided to Arysta in response to its July 21, 2010 public 
records request .  UCLA departments completed the search for the responsive documents and, pursuant to 
California Government Code section 6253, we are making the requested records/data available to you.  Please 
find enclosed all such records that were found to be responsive to your request. 
 
Although the CPRA authorizes UCLA to charge for reproduction costs and/or programming services,[1] as a 
courtesy these fees have been waived.  Any subsequent requests may be subject to copying and/or programming 
fees. 
 
UCLA strives to honor the spirit and legislative intent of the California Public Records Act.  We believe the 
attached responsive records successfully fulfill the purpose of this law and your request. 
 
This completes the response to your request.  Should you have any questions, please contact me at (310) 794-
8741 or via email at UCLAPublicRecords@finance.ucla.edu and reference the PRR number found above in the 
subject line. 
 
Sincerely, 
 
 

 
Erin Daugherty 
Program Administrator/Office Coordinator 
Records Management & Information Practices  
(310) 794-8741 | (310) 794-8961 (fax) | uclapublicrecords@finance.ucla.edu  
 

[1] California Government Code §6253(b) 
                                                 

mailto:uclapublicrecords@finance.ucla.edu


  
. 
 
In addition to the thyroid tumors observed in the study, large and significant changes were observed in thyroid 
hormone levels, which are intimately tied to metabolic disorders, immune function, and developmental 
disorders of the fetus leading to miscarriages in laboratory animals. Other animal studies demonstrate that 
exposure to methyl iodide causes respiratory tract lesions and neurological effects. 
 
 
 
Methyl iodide is a threat to state groundwater supplies 
In California, thousands of drinking water wells are already contaminated with the banned, extremely toxic 
fumigants DBCP and EDB. We can not afford to place our scarce water resources at risk of further 
contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to ground water, 
especially if it rains soon after fumigation tarps are removed. In a recently published study, scientists from 
USDA and UC Riverside concluded that methyl iodide may pose a risk of groundwater contamination in 
vulnerable areas. 
 
Growers do not need methyl iodide 
The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide from 
the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out production 
and use of ozone-depleting substances. Yet prior to the introduction of methyl iodide, growers were exploring 
a variety of non-fumigant methods for controlling soil pests.  
 
 



From: Susan Kegley
To: ; Froines, John
Cc: Elinor Fanning; Robert Bergman
Subject: Methyl Iodide
Date: Tuesday, April 07, 2009 3:13:45 PM
Attachments: Methyl Iodide Response, April 6, 2009.pdf

Bergman_Hoffman_to_LJackson2-3-09.doc

Hi John and ,

Bob Bergman just received this response from EPA to his and Roald Hoffman's email
they sent a few months ago (appended below, FYI). Although EPA doesn't agree to
pull it right away or make any comment on the conditionality of the registration, it
looks somewhat positive to me in that they indicate that they may initiate
reevaluation earlier than normal. Bob and I would appreciate your read on the tone
and content of this letter to see if you see anything else in there. Also note the
importance of the CA peer review that EPA highlights. It seems that will play a role
in their decision-making process.

Best,

Susan

**********************
February 3, 2009

Administrator Lisa Jackson
United States Environmental Protection Agency
Ariel Rios Building 
1200 Pennsylvania Avenue, N. W. 
Mail Code: 1101A 
Washington, DC 20460  

 Dear Administrator Jackson,

As chemists and citizens, we are pleased to see the staff changes at EPA with the
new administration and wish you the best in your new position.

We are writing to request your attention to the fumigant pesticide methyl iodide
(iodomethane). In September of 2007, we and 52 other members of the National
Academy of Sciences—six of them Nobel Prize laureates—wrote to Mr. Stephen
Johnson with our concerns about the impending registration of the highly toxic
chemical methyl iodide, especially with regard to its carcinogenicity, developmental
toxicity, and propensity for off-site drift (see attached letter).

Assistant Administrator Jim Gulliford replied to our letter (also attached), but
dismissed our concerns. Mr. Johnson organized a telephone conference, putatively
for us to talk to him about our concerns. When the conference took place, he was
not there. Lower level staff talked to us, in our perception not with great
enthusiasm. Methyl iodide was given a one-year conditional registration less than a
week later, and this registration was revised to be a time-unlimited conditional
registration in the fall of 2008. The stated intent of the extension of the conditional
registration was that staff is waiting for the new mitigations for the other fumigants

mailto:skegley@pesticideresearch.com
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February 3, 2009


Administrator Lisa Jackson


United States Environmental Protection Agency


Ariel Rios Building


1200 Pennsylvania Avenue, N. W.


Mail Code: 1101A


Washington, DC 20460 


 Dear Administrator Jackson,


As chemists and citizens, we are pleased to see the staff changes at EPA with the new administration and wish you the best in your new position.


We are writing to request your attention to the fumigant pesticide methyl iodide (iodomethane). In September of 2007, we and 52 other members of the National Academy of Sciences—six of them Nobel Prize laureates—wrote to Mr. Stephen Johnson with our concerns about the impending registration of the highly toxic chemical methyl iodide, especially with regard to its carcinogenicity, developmental toxicity, and propensity for off-site drift (see attached letter).


Assistant Administrator Jim Gulliford replied to our letter (also attached), but dismissed our concerns. Mr. Johnson organized a telephone conference, putatively for us to talk to him about our concerns. When the conference took place, he was not there. Lower level staff talked to us, in our perception not with great enthusiasm. Methyl iodide was given a one-year conditional registration less than a week later, and this registration was revised to be a time-unlimited conditional registration in the fall of 2008. The stated intent of the extension of the conditional registration was that staff is waiting for the new mitigations for the other fumigants to be finalized before finalizing the registration of methyl iodide. We attach an October 2008 article from Chemical and Engineering News that nicely summarizes the history of the process, for your review. In light of the fact that this registration is still conditional, we are hoping you can reopen the matter in the near future.


The push for alternatives to the ozone-depleting methyl bromide has led to substitution of a chemical that is more toxic than methyl bromide in every way except for its effect on the ozone layer. We believe EPA can do better. With a citizen’s and professional’s concern, we urge you to take action in this matter.


Robert G. Bergman                                                     


Member, National Academy of Sciences                    


Gerald E. K. Branch Distinguished Professor             


Department of Chemistry                                             


University of California, Berkeley                                 


Berkeley, CA 94720                                                  


Roald Hoffmann


Member, National Academy of Sciences                      


Nobel Laureate, Chemistry 1981


Frank H. T. Rhodes Professor of Humane Letters


Department of Chemistry


Cornell University


Ithaca, NY 14853


cc:


Mr. Greg Dotson, Henry Waxman office: greg.dotson@mail.house.gov


Ms. Lara Levison, Nancy Pelosi office: lara.levison@mail.house.gov


Mr. Grant Cope, Barbara Boxer office:



to be finalized before finalizing the registration of methyl iodide. We attach an
October 2008 article from Chemical and Engineering News that nicely summarizes
the history of the process, for your review. In light of the fact that this registration is
still conditional, we are hoping you can reopen the matter in the near future.

The push for alternatives to the ozone-depleting methyl bromide has led to
substitution of a chemical that is more toxic than methyl bromide in every way
except for its effect on the ozone layer. We believe EPA can do better. With a
citizen’s and professional’s concern, we urge you to take action in this matter.

Robert G. Bergman                                                      
Member, National Academy of Sciences                     
Gerald E. K. Branch Distinguished Professor              
Department of Chemistry                                              
University of California, Berkeley                                  
Berkeley, CA 94720                                                  

Roald Hoffmann
Member, National Academy of Sciences                       
Nobel Laureate, Chemistry 1981
Frank H. T. Rhodes Professor of Humane Letters 
Department of Chemistry 
Cornell University
Ithaca, NY 14853

cc:
Mr. Greg Dotson, Henry Waxman office: greg.dotson@mail.house.gov
Ms. Lara Levison, Nancy Pelosi office: lara.levison@mail.house.gov
Mr. Grant Cope, Barbara Boxer office: grant_cope@epw.senate.gov

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.

mailto:greg.dotson@mail.house.gov
mailto:lara.levison@mail.house.gov
mailto:grant_cope@epw.senate.gov
mailto:skegley@pesticideresearch.com
http://www.pesticideresearch.com/








February 3, 2009 
 
Administrator Lisa Jackson 
United States Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, N. W. 
Mail Code: 1101A 
Washington, DC 20460  
 
 Dear Administrator Jackson, 
 
As chemists and citizens, we are pleased to see the staff changes at EPA with the new 
administration and wish you the best in your new position. 
 
We are writing to request your attention to the fumigant pesticide methyl iodide 
(iodomethane). In September of 2007, we and 52 other members of the National 
Academy of Sciences—six of them Nobel Prize laureates—wrote to Mr. Stephen Johnson 
with our concerns about the impending registration of the highly toxic chemical methyl 
iodide, especially with regard to its carcinogenicity, developmental toxicity, and 
propensity for off-site drift (see attached letter). 
 
Assistant Administrator Jim Gulliford replied to our letter (also attached), but dismissed 
our concerns. Mr. Johnson organized a telephone conference, putatively for us to talk to 
him about our concerns. When the conference took place, he was not there. Lower level 
staff talked to us, in our perception not with great enthusiasm. Methyl iodide was given a 
one-year conditional registration less than a week later, and this registration was revised 
to be a time-unlimited conditional registration in the fall of 2008. The stated intent of the 
extension of the conditional registration was that staff is waiting for the new mitigations 
for the other fumigants to be finalized before finalizing the registration of methyl iodide. 
We attach an October 2008 article from Chemical and Engineering News that nicely 
summarizes the history of the process, for your review. In light of the fact that this 
registration is still conditional, we are hoping you can reopen the matter in the near 
future. 
 
The push for alternatives to the ozone-depleting methyl bromide has led to substitution of 
a chemical that is more toxic than methyl bromide in every way except for its effect on 
the ozone layer. We believe EPA can do better. With a citizen’s and professional’s 
concern, we urge you to take action in this matter. 
 
Robert G. Bergman                                                      
Member, National Academy of Sciences                     
Gerald E. K. Branch Distinguished Professor              
Department of Chemistry                                              
University of California, Berkeley                                  
Berkeley, CA 94720                                                   
 



Roald Hoffmann 
Member, National Academy of Sciences                       
Nobel Laureate, Chemistry 1981 
Frank H. T. Rhodes Professor of Humane Letters 
Department of Chemistry 
Cornell University 
Ithaca, NY 14853 
 
cc: 
Mr. Greg Dotson, Henry Waxman office: greg.dotson@mail.house.gov 
Ms. Lara Levison, Nancy Pelosi office: lara.levison@mail.house.gov 
Mr. Grant Cope, Barbara Boxer office: 



From: Susan Kegley
To: ; Froines, John; Robert Bergman; Roald Hoffmann
Cc:
Subject: Draft DPR MeI Risk assessment
Date: Wednesday, April 29, 2009 4:18:59 PM
Attachments: MeI RCD for Inhalation Exposure Vol III Env. Fate March 2009.pdf

MeI RCD for Inhalation Exposure Vol I Health Risk Assessment March 2009.pdf
MeI RCD for Inhalation Exposure Vol II Exposure Assessment March 2009.pdf

Hi All,

Here is a quick summary of DPR's MeI risk assessment  by  at
PANNA. It's only a first take--neither of us have had time to read it
thoroughly--but it looks bad for MeI registration in California. The DPR
documents are attached.

For those of you perhaps not used to the jargon, the MOE is the Margin
of Exposure. The "safe" level of exposure will have an MOE with a value
that is at least as great as the product of all uncertainty factors (in
this case 300). If the MOE is less than the product of all of the
uncertainty factors, then exposures are above a level of concern. MeI
exposures exceed levels of concern for many different scenarios,
particularly for bystanders--Karl outlines several of them below.

Susan

I've only had a moment to flip thru these documents but check this out:

When compared to the benchmark MOE of 300, there are health concerns for MeI

inhalation exposure scenarios by workers, bystanders, and residents under
the proposed uses
(Tables 68 and 69).  Most of the acute and seasonal MOEs for workers are
below this
benchmark.  Chronic exposure MOEs for this group are close to 300 (shallow
shank applicator at
273) or higher (range from 410 to 13667).  For worker bystanders, the acute
MOEs are all <300, 
but the seasonal MOEs are at 342.  For other bystanders and residents living
in the application
region, the acute and seasonal MOEs are all <300.  The chronic MOEs for
residents living in the
region are also <300 for the infants and children groups, while the MOE is
333 for adults. 

I don't see how DPR can approve MeI most or all of the acute and seasonal
MOEs for workers and bystanders less than their target MOE.

--
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com

mailto:skegley@pesticideresearch.com
mailto:jfroines@ucla.edu
mailto:rgbergman@gmail.com
mailto:rh34@cornell.edu
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Terrell Barry, Ph.D. 
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Department of Pesticide Regulation 
Environmental Monitoring Branch 
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I. Chemical Description 
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Chemical Name (CAS) Iodomethane 
  
Common Name Methyl Iodide 
  
CAS Registry Number 74-88-4 
  
Molecular Formula CH3I 
  
Molecular Weight 141.95 
 
Iodomethane, an alkyl halide, is a colorless to pale yellow liquid with an acrid odor.  It is 
stable at room temperature in sealed containers, non-corrosive to metals, and 
incompatible with strong oxidizing and reducing agents.  On exposure to light, 
discoloration occurs due to decomposition and the liberation of free iodine.  When heated 
to decomposition in air at 270 ºC, toxic iodine vapors are emitted.  Iodomethane is 
soluble in water, and is miscible with alcohol and ether (DPR, 2002a; DPR, 2002f; 
Lewis, 1991; Meister, 2004; O’Neil, 2001).  Additional physical and chemical properties 
are summarized in Table 1.  Wildlife toxicity data are summarized in Table 2. 
 
Table 1. Physical and chemical properties of iodomethane (DPR, 2002a; DPR, 2002f; 


DPR, 2002h, DPR, 2002i). 
 
Physical/Chemical Property Value 
Melting Point -66.1 ºC 
  
Boiling Point 42 ºC 
  
Vapor Pressure 398 mmHg (25 ºC) 
  
Water Solubility 1.42 x 104 ppm (25 ºC) 
  
Henry’s Law Constant (Kh) 0.0054 atm-m3/mol (25 ºC) 
  
Ozone Depletion Potential 0.0015 
  
Atmospheric Lifetimes (τ) 5.2 days (uniform emission at all latitudes) 
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 6.9 days (emission at northern mid-latitudes) 
 
Table 2.  Wildlife toxicity of iodomethane (DPR, 2002g) 
 
Species Test Toxicity 
Bobwhite quail 14-day LD50 57 ppm 
   
Bobwhite quail 4-hour LC50 395 ppm 
   
Rainbow trout 96-hour LC50 1.4 ppm 
   
Daphnia magna 48-hour EC50 0.57 ppm 
 
 
 
II. Regulation 
Iodomethane has been proposed as an alternative to methyl bromide for soil fumigation 
due to the scheduled removal of methyl bromide from the market (Ohr et al., 1996; 
Sims et al., 1995; U.S. Environmental Protection Agency, 1993; The United Nations 
Environmental Programmes, 1995).  Based on the atmospheric lifetime, global warming 
potential, and ozone depletion potential, the U.S. Environmental Protection Agency 
(USEPA) has identified iodomethane as a reduced risk alternative to methyl bromide. 
 
In October, 2007, the USEPA issued a one year Time-Limited registration of 
Iodomethane.  Details of the registration can be found on the USEPA website at 
http://www.epa.gov/pesticides/factsheets/iodomethane_fs.htm.  An application for 
California registration is currently being evaluated DPR.  Due to its acute toxicity, 
proposed products containing iodomethane are labeled as restricted use pesticides. 
 
III. Use Profile 
Proposed products will be applied to soil to control nematodes, weed and grass seeds, 
insects, and a broad spectrum of soil-borne diseases such as those caused by 
Phytophthora, Pythium, Fusarium, Verticillium and Rhizoctonia.  Applications will be 
made as pre-plant soil fumigations to fields intended for the commercial production of 
strawberries, tomatoes, peppers, ornamentals, turf, tree and vine replanting, and to soils 
intended for strawberry nursery use.  The proposed products are 100% iodomethane 
technical intended for the manufacture of end-use fumigant products, an end-use product 
containing 98% iodomethane with 2% chloropicrin as a warning agent, and an end-use 
product that contains both 25% iodomethane and 75% chloropicrin as active 
ingredients (Arvesta Corporation. 2002). 
 
Iodomethane is injected into soil by either shank fumigation (bed or broadcast/flat) 
using tractor mounted equipment with a mechanical tarpaulin layer or through 
chemigation (drip irrigation system).  Application rates are summarized below. 
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Iodomethane Application Rates. 


 
Commodity/Site Rate (Pounds iodomethane per acre) 
Strawberries, Tomatoes, Peppers 100 – 235 
  
Strawberry Nurseries 175 plus 175 lbs. Chloropicrin 
  
Turf, Ornamentals 100 – 235 
  
Tree Re-plants, Vine Re-plants 100 – 235 
 
 
 
IV. Environmental Fate 
The routes of iodomethane transport, dissipation, and transformation in the environment 
include volatilization from soil, oceanic sources or terrestrial plant surfaces with ensuing 
photolytic degradation, abiotic hydrolysis, aqueous photolysis, and biotransformation via 
soil microorganisms.  The primary route of dissipation is volatilization with rapid 
photolysis, which releases active iodine (5.2 days half-life).  The other routes, therefore, 
are relatively marginal due to the small amount of material available for degradation. 
 
The rate of abiotic hydrolysis is slow at temperatures relevant to agricultural conditions, 
with a calculated half-life of 112.8 days.  The photolysis rate of iodomethane dissolved in 
water is faster (13.1 day half-life).  In the soil environment, iodomethane does not adsorb 
to soil particles and is, therefore, considered mobile in soil/water systems.  It is quickly 
metabolized by soil microorganisms under aerobic conditions with an aerobic soil 
metabolism half-life of 2 hours.  Under anaerobic conditions, the degradation rate is 
slower with an anaerobic soil metabolism half-life of 41.8 hours.  An iodomethane 
terrestrial field soil dissipation study and concurrently measured volatility study were 
conducted using tarped bare ground sites in a commercial strawberry production area of 
Watsonville, CA and a commercial strawberry/tomato production area of Dover, FL.  
Based on residues in a 0 to 24 inch soil sample core, the field dissipation half-life 
calculated was 5.0 days.  The highest levels of iodomethane in air were collected 
immediately after application, and ranged from 0.01 to 0.065 ppm. 
 
 
A. Fate and Persistence in the Aquatic Environment 
A hydrolysis study was conducted using [14C]iodomethane in sterile pH 4, 7, and 9 
aqueous buffers (DPR, 2002b).  Samples were incubated in the dark at both 25 and 50 ˚C.  
Duplicate samples at each pH were analyzed at time 0 and days 3, 14, 21, 28, and 30 for 
the 25 ˚C incubation, and at time 0 and days 1, 2, 3, 4, 5, 6, and 7 for the 50 ˚C 
incubation.  The material balance at the sampling intervals was determined by liquid 
scintillation counting.  Hydrolysis half-lives at 20 ˚C were also calculated for pH 4, 7, 
and 9 by extrapolation of an Arrhenius-plot.  The results are summarized in Table 3.  The 
respective material balances for the 25 and 50 ˚C incubations ranged from 91.3 – 107% 
and 91.9 – 105.6%.  The major degradate at both temperatures was methanol. 
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Table 3.  Iodomethane hydrolysis half-lives (DPR, 2002b). 
 
Half-life, days Temp., ˚C pH 
223.9 20 4 
104.7 25 4 
    3.3 50 4 
247.1 20 7 
112.8 25 7 
   3.2 50 7 
240.8 20 9 
108.8 25 9 
    3.0 50 9 
 
 
An aqueous photolysis study was conducted using [14C]iodomethane in a sterile pH 5 
buffer to minimize the hydrolysis reaction (DPR, 2002b).  Samples were maintained in a 
photolysis unit at 25 ˚C.  At time 0 and days 1, 3, 5, 8, 11, 14, and 15, samples were 
analyzed directly by high-performance liquid chromatography with radiochemical flow 
detection.  Linear regression analysis of ln (Fraction Remaining) versus time resulted in a 
iodomethane photolysis half-life of 13.1 days.  The primary photodegradates were 
methanol and formaldehyde. 
 
B. Fate and Persistence in Soil 
The adsorption and desorption of [14C]iodomethane on five soil types was investigated 
using batch equilibrium methods (DPR, 2002c).  The soil samples were sterilized using 
gamma radiation to eliminate microbial degradation reactions.  The magnitude of the 
resultant soil adsorption coefficients (Koc) indicated that iodomethane is mobile in 
soil/water systems (Table 4). 
 
Table 4. Summary of iodomethane soil adsorption coefficients (Koc) and soil analysis data (DPR, 


2002b). 
 


Soil Type Koc (cm3/g) 
% Organic 
Carbon CEC1 pH 


Loam 28 1.76 10.43 7.0 
Sandy Loam 61 1.02 9.72 6.3 
Clay Loam 27 4.3 18.1 6.9 
Sandy Loam 14 2.73 6.65 7.2 
Silt Loam 43 1.95 11.18 5.42 
     
1Cation  exchange 
capacity 


    


 
 
The distribution and leaching of iodomethane in soil after shank injection and subsurface 
drip application was investigated under laboratory conditions (Guo et al, 2004).  
Iodomethane was shank-injected or drip-applied at a 20-cm depth (178 pounds per acre) 
into stainless steel soil columns tarped with virtually impermeable film. 
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The route of iodomethane dissipation in soil is mainly volatilization, with minor 
contributions from microbial degradation processes and methylation of soil organic 
matter (Amachi et al., 2003; DPR, 2002c; DPR, 2002e). 
 
The participation of microorganisms in the volatilization of iodine from soil has been 
investigated (Amachi et al., 2003).  Soil from rice paddies, upland fields, forests, and 
wetlands were incubated with iodide ion (I-) at 30˚ C in the dark, and the volatile organic 
iodine species emitted determined by gas chromatography with an electron-capture 
detector.  It was found that iodine was emitted as iodomethane, with no other alkyl 
iodides observed.  Fourteen strains of bacteria isolated from the soils were found to 
volatilize significant amounts of iodomethane when cultivated with iodide ion. 
 
The aerobic soil metabolism of iodomethane was examined using sandy loam soil from 
Watsonville, California (DPR,2002c).  Soil samples were placed in sealed glass columns 
and treated with [14C]iodomethane at the maximum field use rate of 235 lbs/acre.  
Duplicate columns were connected to a flow-through volatile sampling assembly 
equipped with traps for collecting volatiles, and incubated in the dark at 20 ˚C.  Soil 
samples were extracted and analyzed at time 0, and 1, 2, 3, 4, 5, 6, 8, 24, 96, 168, and 288 
hours by scintillation counting.  Volatiles were determined by ion-pair HPLC.  Of the 
initial amount applied, more than 90% was lost through volatilization within 24 hours 
after application, a combined 1.2% was carbon dioxide and other unknown volatiles, 
1.2% was non-volatile bound soil residues, and 0.8% remained in the soil as 
iodomethane.  The aerobic soil metabolism half-life calculated was 2 hours. 
 
The anaerobic soil metabolism of [14C]iodomethane was investigated with soil-water 
systems treated with iodomethane at the maximum field use rate (DPR,2002c).  Flow-
through duplicate test systems containing 3:1 (w/w) water/soil mixtures were 
anaerobically-incubated in the dark at 20 ˚C, and samples extracted and analyzed at time 
0,and 4, 8, 24, 48, 72, 96, 168, 240, and 336 hours.  Volatiles were analyzed at all 
sampling intervals except time 0.  The major route of dissipation was through 
volatilization, with minor contributions from microbial degradation to form methanol, 
carbon dioxide, other volatiles, and direct reactions with organic substances in the soil to 
form bound humic and fulvic compounds.  The anaerobic soil metabolism half-life 
calculated was 41.8 hours. 
 
An iodomethane terrestrial field soil dissipation study was conducted using tarped bare 
ground sites in a commercial strawberry production area of Watsonville, CA and a 
commercial strawberry/tomato production area of Dover, FL (DPR. 2002e).  Application 
to the California site was by broadcast flat fume shallow shank injection at the rate 
of 252 lb/acre.  Iodomethane was applied to the Florida site via raised bed injection at the 
rate of 258.8 lb/treated acre (126 lb/acre effective broadcast rate).  At the California site, 
soil sample cores were collected in 6-inch increments down to 24 inches on day 0, 
immediately after application, and days 1, 2, and 3, to 48 inches on days 8, and 57, and to 
72 inches on days 15 and 28.  Iodomethane residues were highest in the 0 to 12 inch soil 
sample cores at early sample times, with levels decreasing to less than or equal to 0.001 
ppm by day 28.  Residue levels in the soil sample cores collected at lower depths were 
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highest at later sample times due cooler temperatures and longer equilibrium times.  The 
field dissipation half-life calculated was 4.8 days (based on residues in a 0 to 24 inch soil 
sample core).  Soil sample cores at Florida site were collected in 6-inch increments down 
to 48 increments on day 0, immediately after application, and on days 1, 2, 3, 5, 7, 14, 29, 
59, and 90.  Iodomethane residues were highest in the 0 to 12 inch soil sample cores at 
early sample times, with levels decreasing to less than 0.001 ppm by day 90.  Residue 
levels in the lower soil sample cores were also highest at later sample times.  The field 
dissipation half-life calculated was 5.0 days (based on residues in a 0 to 24 inch soil 
sample core). 
 
C. Fate and Persistence in the Atmosphere 
The presence of iodomethane in the lower atmosphere is predominately due to biogenic 
processes of marine organisms.  These organisms release the metabolite into seawater 
with subsequent volatilization into the atmosphere (Lovelock et al., 1973; 
Singh et al., 1983).  The generation of halogenated metabolites in oceanic environments 
has been tied to the chemical defense mechanism of the organisms (Faulkner, 1980; 
Gschwend et al., 1985).  Investigations have shown that iodomethane is produced by 
kelp (Lovelock, 1975), marine macroalgae (Chameides and Davis, 1980; Gschwend et 
al., 1985; Korzh, 1984; Schall et al., 1994; Theiler et al., 1978), and phytoplankton 
(Bassford et al., 1999; Oram and Penkett, 1994).  Laboratory experiments by Moore and 
Zafirou (1994), however, showed that irradiated filtered seawater produced emissions of 
iodomethane via the photochemical reaction of methyl radicals with iodine atoms.  The 
photochemical production mechanism was also supported through the correlation of 
iodomethane saturation anomalies and light intensity found in the Greenland/Norwegian 
Seas (Happell and Wallace, 1996), and by a modified sea-to-air flux model proposed by  
Yokouchi et al., (2001). 
 
Organic iodine emissions from terrestrial sources have also been investigated.  
Iodomethane (along with carbon monoxide and carbon dioxide) has been shown to be 
emitted during biomass burning (Andreae et al., 1996; Blake et al., 1996).  Emissions 
have also been reported from wood rotting fungi (Harper, 1985), soils, soil-plant systems, 
and vegetation.  Iodine present in soil is methylated by soil microorganisms or plant 
roots, and emitted into the atmosphere (Amiro and Johnston, 1989; Amachi et al., 2003; 
Dimmer et l., 2001; Muramatsu and Yoshida, 1995; Redeker et al., 2000). 
 
Estimated global atmospheric inputs of iodomethane from marine (oceans) and terrestrial 
sources are summarized in Table 5. 
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Table 5. Estimated global emissions of iodomethane from marine (oceans) and terrestrial sources 


into the atmosphere. 
 


Environmental Source 
Global Emissions 


(Gg/year) Reference 
Marine 270 Liss & Slater, 1974 
 1300 Rasmussen et al., 1982 
 500 Singh et al., 1983 
 800 Reifenhauser & Heumann, 1992 
 12 Oram & Penkett, 1994 
 214 Bell et al., 2002 
Terrestrial   
  Biomass Burning <10 Andreae et al., 1996 
 3.4 Blake et al., 1996 
  Peatland Ecosystems 1.4 Dimmer et al., 2001 
  Rice Paddies 20 Muramatsu & Yoshida, 1995 
 71 Redeker et al., 2000 
 
Once a chemical is present in the atmosphere, it may be transformed and then removed 
through photolysis and/or reactions with atmospheric radicals (OH and NO3) and ozone 
(O3).  The potential for human exposure to the chemical in the vapor phase and 
subsequent transformation products is therefore related to the atmospheric lifetime and 
reaction rates for removal from the atmosphere. 
 
Several previous studies have identified photolysis as the main pathway of iodomethane 
removal from the troposphere (Chameides and Davis, 1980; Davis et al., 1996).  It 
absorbs light in the actinic region and photolyzes via a dissociative process to produce 
free iodine atoms: 
 


CH3I + hv CH3 + I  
 
Estimated atmospheric lifetimes with respect to photolysis ranged from 2 to 8 days 
(Calvert and Pitts, 1966; Chameides and Davis, 1980; Davis et al., 1996; DPR, 2002f; 
Finlayson-Pitts and Pitts, 1986; Roehl et al., 1997; Solomon et al., 1994;). 
 
 
The Estimation Programs Interface (EPI) Suite™ is a Windows® based series of 
physical/chemical property and environmental fate estimation models developed by the 
EPA’s Office of pollution Prevention Toxics and Syracuse Research Corporation.  
AOPWIN™ , an individual model in EPI Suite™, estimates the gas-phase reaction rate 
for the reaction between a chemical and OH, the most prevalent atmospheric oxidant 
(Meylan and Howard, 1993).  The model also determines if NO3 reaction will be 
important.  Gas-phase O3 reaction rates are estimated for only olefins and acetylenes.  
Atmospheric half-lives are automatically calculated using assumed average OH and O3 
concentrations.  AOPWIN™ used for iodomethane produced an overall OH rate constant 
of 7.21 E-14 cm3/molecule−sec.  The corresponding half-life was 148 days (12-hr day; 
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1.5E06 OH/cm3).  The  Experimental Database Structure Match respective values for the 
OH and NO3 rate constants were 7.20 E-14 and 1.92 E-17 cm3/molecule−sec. 
 
The iodomethane atmospheric lifetime and ozone depletion potential (ODP) has been 
estimated (DPR, 2002f; Solomon et al., 1994).  With the assumption that gases are 
emitted uniformly at all latitudes, the UV absorption cross-section for iodomethane and 
the OH radical reaction rate constant were used to calculate an atmospheric photolysis 
half-life of 5.2 days.  The estimated ODP for stratospheric ozone depletion due to 
iodomethane photo-dissociation in the stratosphere was 0.0015. 
 
Iodomethane field volatility was measured concurrently with an iodomethane terrestrial 
field soil dissipation study using tarped bare ground sites in a commercial strawberry 
production area of Watsonville, CA and a commercial strawberry/tomato production area 
of Dover, FL (DPR, 2002d).  Application to the California site was by broadcast flat 
fume shallow shank injection at the rate of 252 lb/acre.  Iodomethane was applied to the 
Florida site via raised bed injection at the rate of 258.8 lb/treated acre (126 lb/acre 
effective broadcast rate).  At each site, eight charcoal air sampling tubes were placed 
around the perimeter of the field 3 feet above the surface of the soil at the perimeter.  At 
the California site, air samples were collected from day 0 (just after application) through 
day 22.  The highest levels were collected immediately after application, and ranged from 
0.01 to 0.065 ppm.  Iodomethane levels dropped to below the 0.0019 ppm limit of 
quantitation at most sample sites by day 6.  The iodomethane volatilization half-life in air 
ranged from 1 to 2.5 days, with a mean of 1.3 days.  Air samples at Florida site were 
collected from day 0 (just after application) through day 14.  Iodomethane levels were 
highest in the first 12 hours after application, with the highest level found at any sampling 
site at 0.12 ppm.  Iodomethane levels dropped to below the 0.0019 ppm limit of 
quantitation at all sample sites by day 10.  The iodomethane volatilization half-life in air 
ranged from 1.3 to 2.8 days, with a mean 
of 2.0 days. 
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I.  SUMMARY 1 
 2 
Introduction 3 


 4 
The Department of Pesticide Regulation (DPR) conducted a human health risk assessment on the 5 
proposed use of methyl iodide (MeI, iodomethane) as a new preplant fumigant in California.  6 
This volume (Volume I) presents the complete MeI inhalation exposure risk assessment, 7 
including the toxicity data for MeI and iodide.  The appendices to this Volume include a review 8 
of the Physiologically Based Pharmacokinetic (PBPK) modeling of the data to establish the 9 
Health Equivalent Concentrations (HEC) for acute exposure (Appendix A), an explanation of the 10 
calculations (Appendix B), and a comparison of this risk assessment with the U.S. 11 
Environmental Protection Agency risk assessment for MeI (Appendix C).  Volume II describes 12 
the data and methods used to estimate MeI exposures by workers, bystanders, and residents.  13 
Volume III discusses the environmental fate of MeI in the water, soil, and atmosphere.   14 
 15 
Toxicology Profile and Hazard Identification  16 
 17 
In the risk assessment process, one of the initial steps is hazard identification.  The 18 
pharmacokinetic and toxicology studies are reviewed to establish the toxicity of the chemical of 19 
concern.  For each toxicity study with a sufficient data on the dose-response relationship, the 20 
highest dose which does not cause any toxicological effect, known as No-Observed-Effect Level 21 
(NOEL), or No-Observed-Adverse-Effect Level (NOAEL), is established for relevant endpoints 22 
in the study.  As a result of this review, the toxicity studies are categorized into exposure 23 
durations such as: acute, subchronic, chronic, and lifetime, to match those determined in the 24 
human exposure assessment.  The NOELs and effects, within each exposure duration, are then 25 
compared (in terms of mg/kg/day) to identify the most appropriate NOEL (critical NOEL) to 26 
address the toxicity endpoint of concern (critical endpoint) for that particular exposure duration.  27 
The critical NOELs are converted to HECs, which account for factors such as intake, exposure 28 
duration, and pharmacokinetic (PK) differences between laboratory animals and humans, using 29 
PBPK modeling or DPR’s default methodology.  With PBPK modeling, the HEC is linked to a 30 
dose metric for the likely mode of action (MOA), rather than to the external exposure 31 
concentration such as the NOEL. 32 
 33 
The MeI pharmacokinetic and toxicology database is presented in the Toxicology Profile 34 
(Section III.).  The database consists of both laboratory animal studies and human case reports.  35 
In laboratory animals, the toxicity endpoints of concerns for inhalation exposure are fetal death, 36 
olfactory epithelial degeneration, neurotoxicity, reproductive toxicity (delayed development), 37 
salivary gland metaplasia, thyroid perturbation (including tumors), and other systemic effects 38 
(i.e., body weight changes).  Humans exposed to high concentrations show neurotoxicity with 39 
delayed onset of psychiatric symptoms in some cases.   40 
 41 
For MeI hazard identification (Section IV.A.), critical NOELs are derived from laboratory 42 
animal studies because human case reports do not provide sufficient dose-response information.  43 
In using laboratory animal data, the assumption is that effects observed in laboratory animals 44 
may also be observed in humans.  The acute HECs are determined by PBPK modeling and the 45 
subchronic and chronic HECs are calculated using the DPR methodology.  The HECs used to 46 
estimate the risk of exposure are presented in Summary Table 1.   47 
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For acute exposure toxicity, relevant studies are selected from studies described in the Acute 1 
Toxicity, Subchronic Toxicity, and Developmental Toxicity sections.  The critical endpoints are: 2 
fetal death in rabbits, olfactory epithelial degeneration in rats, and neurotoxicity in rats.  The fetal 3 
death endpoint from a rabbit teratology study was a NOEL at 2 ppm.  Since it is the result of 4 
maternal exposure, it is applicable only for women of child-bearing age in the workplace or in 5 
the general population.  Four possible MOAs are explored: thyroid perturbation from excess 6 
iodide, glutathione (GSH) depletion, direct alkylation, and altered cholesterol homeostasis.  7 
Since the data do not support a single predominant MOA for fetal death, HECs from maternal 8 
and fetal MeI and iodide levels as dose metrics are derived.  The lowest HECs are 0.22 ppm and 9 
0.24 ppm for 8-hour and 24-hour exposures, respectively, based on maternal plasma iodide 10 
concentration (area under the curve, AUC) as the dose metric.   11 
 12 
The nasal effect and neurotoxicity endpoints with NOELs of 21 ppm and 27 ppm, respectively, 13 
are appropriate for all other age groups.  Olfactory epithelial degeneration was observed in rats 14 
from a 13-week study with GSH depletion as a plausible MOA.  The HEC is determined by a 15 
regional average 25% GSH depletion in the olfactory epithelium as the dose metric in PBPK 16 
modeling.  The HECs are 2.8 ppm for 8-hour and 2.2 ppm for 24-hour exposures.  Neurotoxicity 17 
was indicated by decreased body temperature and motor activity in rats after a 6-hour inhalation 18 
exposure to MeI.  Since the MOA for neurotoxicity with MeI exposure is unknown, the dose 19 
metric is brain MeI concentration.  The HECs are 3.4 ppm for both 8-hour and 24-hours 20 
exposures based on brain MeI AUC concentration as the dose metric.  21 
 22 
For subchronic and chronic exposure toxicity, the HECs are determined from the NOELs with 23 
pharmacokinetic differences accounted for by a breathing rate ratio and a default factor of √10.  24 
For subchronic exposure toxicity, critical NOELs and endpoints are selected from subchronic 25 
toxicity, developmental toxicity, and reproductive toxicity studies.  The critical endpoints are 26 
systemic effects and reproductive toxicity in rats.  The subchronic HECs are 4.1 ppm (8-hour, 27 
adults) and 1.4 ppm (24-hour, adults) for decreased body weight and delayed development 28 
observed in rat pups from a 2-generation reproductive toxicity study, in which the adults were 29 
treated.  For young children, the HECs are 2.4 ppm (24-hour, children) and 1.9 ppm (24-hour, 30 
infants) for increased relative liver weight, and decreased body weight gain in rats after 13 weeks 31 
of MeI exposure. 32 
 33 
For chronic exposure toxicity, the critical NOEL and endpoint are selected from the chronic 34 
toxicity studies.  The critical endpoint is salivary gland metaplasia in rats after a 2-year exposure 35 
to MeI, with a NOEL of 20 ppm.  The chronic HECs are 4.1 ppm (8-hour, adults), 1.0 ppm (24-36 
hour, adults), 0.6 ppm (24-hour, children), and 0.5 ppm (24-hour, infants).   37 
 38 
For lifetime exposure, the endpoints are thyroid hyperplasia and tumors observed in rats and 39 
mice, with a NOEL of 20 ppm.  These are consistent with thyroid perturbations resulting in 40 
changes in thyroid hormones and histological changes observed with shorter exposure durations.  41 
Analysis of available data supports the consideration of MeI as an oncogen and that humans 42 
should be assumed to be more sensitive to the oncogenicity of MeI than laboratory animals.  43 
Since the formation of thyroid tumors is generally considered a threshold effect, this endpoint 44 
can be evaluated based on the NOEL.  The HECs are 16.3 ppm and 3.9 ppm for 8-hour and 24-45 
hour adult exposures.  Since lifetime human exposure to MeI is not expected, these HECs are not 46 
applied in this document.  Any concern about lifetime exposure is addressed indirectly by the 47 
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chronic exposure assessment, which has lower calculated margins of exposure (MOEs) because 1 
of the 4-fold lower HECs and higher exposure levels compared to lifetime exposure.    2 
 3 
Summary Table 1.  Critical endpoints and HECs for MeI risk characterization.a 4 
 5 


Human Equivalent Concentrations HECs  Duration Toxicity endpoints 
(PBPK dose metric) 


NOEL  
 Worker/ 


Worker bystander 
(8 hours) 


Bystander/ 
Resident  


(24 hours) 
Fetal death in rabbits 
(maternal plasma 
iodide AUC) 
(*Nemec, 2002d) 


2 ppm   0.22 ppm 0.24 ppm  
(women of child-bearing 
age) 


Olfactory epithelium 
degeneration in rats 
(25% GSH depletion) 
(*Kirkpatrick, 2002b) 


21 ppm   2.8 ppm 2.2 ppm (all ages) 


Acute  
 


Neurotoxicity in rats 
(brain methyl iodide 
AUC)  
(*Schaefer, 2002) 


27 ppm   3.4 ppm 3.4 ppm (all ages) 


↓ Pup weight, delayed 
development in rats 
(*Nemec, 2002a) 


5 ppm    4.1 ppm 1.4 ppm (adult) Sub- 
chronic 


 ↑ Relative liver weight, 
↓ body weight gain in 
rats 
(*Kirkpatrick, 2002b) 


21 ppm NA 2.4 ppm (child) 
1.9 ppm (infant) 


Chronic Salivary gland metaplasia 
in rats  
(*Kirkpatrick, 2005) 


5 ppm   4.1 ppm 1.0 ppm (adult) 
0.6 ppm (child) 
0.5 ppm (infant) 


Lifetime Thyroid tumors 
(*Kirkpatrick, 2005) 


20 ppm 16.3 ppm 3.9 ppm (adult) 


a/ Same as Table 65 of this volume.  * indicates studies conducted under FIFRA guidelines and were acceptable to 6 
DPR.  NA=not applicable because lower HEC available.   7 


 8 
 9 
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Exposure Assessment 1 
 2 


In conjunction with the hazard identification, potential human exposures are quantified in the 3 
exposure assessment (Section IV.B. and Volume II).  The exposure levels and scenarios are 4 
established by the product label, available studies on exposure, and information about the 5 
environmental fate of the chemical.   6 


 7 
For MeI use in preplant fumigation, the exposure groups identified are: workers (involved in the 8 
fumigation), worker bystanders (working at fields adjacent to fumigated field), bystanders 9 
(present at the buffer zone), and residents (living adjacent to the application site).  Air 10 
concentrations are based on MeI-specific studies using shallow shank injection or drip irrigation 11 
application methods.  For workers directly involved in fumigation, the acute exposure is the 12 
upper-bound (95th percentile) of measured air concentrations for an 8-hour work day.  The 13 
arithmetic mean of the 8-hour time-weighted-average air concentrations for each task represents 14 
the seasonal (subchronic) exposure of 3 months.  The annual exposure is the amortized seasonal 15 
exposure with a factor 3-month season/12 months.  The exposures of applicators, shovelmen, and 16 
tarp monitors include a 90% protection factor for the use of air-purifying respirators.  Workers 17 
involved in shallow shank injections have higher exposures than those for drip irrigation 18 
application (Summary Table 2).  Of all tasks, tarp monitors have the highest exposure.   19 
   20 
For the bystanders and residents, the air concentrations are those at the 152-meter buffer zone 21 
after the MeI application, derived from modeling of MeI air monitoring data and the U.S. 22 
Environmental Protection Agency (USEPA) approved labels.  For acute exposures (8 or 24 23 
hours), an individual is assumed to be located downwind throughout the exposure interval at the 24 
maximum Time-Weighted Average (TWA) air concentration for those durations.  The 24-hour 25 
exposure duration assumes that the indoor and outdoor air concentrations are the same.  The 26 
seasonal exposure is 0.07 μg/L based on the 2-week average concentration with an adjustment 27 
for changing wind directions.  No chronic exposure for bystanders is expected.  For all 28 
bystanders, the highest exposure is from drip irrigation application (Summary Table 3).  The 29 
exposures for residents living next to the application site are based on those measured for drip 30 
irrigation, in the absence of actual monitoring data (Summary Table 3).   31 


 32 
Summary Table 2.  Acute and repeated exposures for workers engaged in pre-plant field 33 


fumigation with MeI.a 34 
Air concentration (ppm) Application Methods/Workers 


Acute Seasonal Chronic 


Shallow Shank Injection-tarped (broadcast and bedded) 
Applicator 0.35 0.06 0.015 
Shovelman and shoveler 0.11 0.02 0.005 
Tarp monitor 0.38 0.04 0.01 
Tarp hole puncher, cutter 0.16 0.03 0.0075 
Planter 0.01 0.004 0.001 
Drip Irrigation- tarped (bedded) 
Applicator 0.02 0.001 0.0003 
Hole puncher 0.02 0.01 0.0025 
Planter 0.01 0.001 0.0003 


a/ See Table 66 of this volume and Volume II for details. 35 
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Summary Table 3.  Acute and repeated exposures to MeI for bystanders and residents.a 1 
Air concentration (ppm) Groups/ 


Application Methods Acute Seasonal Chronic 
Worker bystanders  
Drip irrigation, raised bed 1.6  0.012 NA 


Shank injection, raised bed 0.6 0.012 NA 
Shank injection, flat-fume 1.0 0.012 NA 
Other bystander adults  
Drip irrigation, raised bed 0.3 0.012 NA 
Shank injection, raised bed 0.2 0.012 NA 
Shank injection, flat-fume 0.2 0.012 NA 
Bystander children (3-5 years old) 
Drip irrigation, raised bed 0.3 0.012 NA 
Shank injection, raised bed 0.2 0.012 NA 
Shank injection, flat-fume 0.2 0.012 NA 
Bystander infants (<1 year old) 
Drip irrigation, raised bed 0.3 0.012 NA 
Shank injection, raised bed 0.2 0.012 NA 
Shank injection, flat-fume 0.2 0.012 NA 
Residents living next to application sites 
Adults 0.3 0.012 0.003 


Children 0.3 0.012 0.003 


Infants 0.3 0.012 0.003 


a/ See Table 67 of this volume and Volume II for details.  2 
 3 


Risk Characterization (Section IV.C.) 4 
 5 
The risk is quantitatively expressed as a margin of exposure (MOE) with MOE = HEC/ 6 


estimated human exposure.  The MOEs calculated for workers, bystanders, and residents are 7 
presented in Summary Tables 4 and 5.  The acute MOEs are the lowest of all values. 8 
  9 
Summary Table 4.  Margins of exposure for workers engaged in pre-plant field fumigation 10 


with MeI.a 11 
Acute MOE Application 


Methods/Workers Fetal  
Death 


Nasal Toxicity Neurotoxicity 
Seasonal 


MOE 
Chronic 


MOE 


Shallow Shank Injection-tarped (broadcast and bedded) 
Applicator 1 8 10 68 273 
Shovelman and shoveler 2 25 31 205 820 
Tarp monitor 1 7 9 103 410 
Tarp hole puncher, cutter 1 18 21 137 547 
Planter 22 280 340 1025 4100 
Drip Irrigation-tarped (bedded) 
Applicator 11 140 170 4100 13667 
Hole puncher 11 140 170 410 1640 
Planter 22 280 340 4100 13667 
a/ See Table 68 of this volume for details. 12 
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Summary Table 5.  Margins of exposure for bystanders and residents exposed to MeI.a 1 
Acute MOE Groups/ 


Application Methods Fetal 
Death 


Nasal  
Toxicity 


Neurotoxicity 
Seasonal  
MOE 


Chronic  
MOE 


Worker bystanders  
Drip irrigation, raised bed 0.1 2 2 342 NA 
Shank injection, raised bed 0.4 5 16 342 NA 
Shank injection, flat-fume 0.2 3 3 342 NA 
Other bystander adults  
Drip irrigation, raised bed 0.8 7 11 117 NA 
Shank injection, raised bed 1 11 17 117 NA 
Shank injection, flat-fume 1 11 17 117 NA 
Bystander children (3-5 years old) 
Drip irrigation, raised bed NB 7 11 200 NA 
Shank injection, raised bed NB 11 17 200 NA 
Shank injection, flat-fume NB 11 17 200 NA 
Bystander infants (<1 year old) 
Drip irrigation, raised bed NB 7 11 158 NA 
Shank injection, raised bed NB 11 17 158 NA 
Shank injection, flat-fume NB 11 17 158 NA 
Residents living next to application sites  
Adults 0.8 7 11 117 333 
Children (3-5 years old) NB 7 11 200 200 
Infants (<1 year old) NB 7 11 158 167 
a/ See Table 69 of this Volume for details. 2 
 3 
 4 
 5 
 6 
Risk Appraisal (Section V.) 7 
 8 
The uncertainties associated with the risk estimates in a risk assessment are due to limitations in 9 
the toxicology and human exposure data.  Health protective assumptions and appropriate 10 
surrogate data are used to address deficiencies in the database.  The appraisal of the calculated 11 
risk considers the data and approaches used in the risk assessment process, and makes 12 
recommendation regarding the risks associated with the exposure to the chemical.  Calculated 13 
MOEs are compared with a benchmark MOE; exposures with MOEs at or higher than the 14 
benchmark MOE are considered to be health protective.  When toxicity is represented by a HEC, 15 
which includes interspecies pharmacokinetic considerations, the conventional benchmark MOE 16 
is 30 (a 3-fold factor for interspecies pharmacodynamic differences, and a 10-fold factor for 17 
interindividual differences in humans).  Additional uncertainty factor is considered when existing 18 
data are not sufficient to address toxicity or exposure issues. 19 


 20 
For MeI, this benchmark of 30 should be increased because of issues related to MeI and iodide 21 
toxicity.  While the toxicology database for MeI is complete with respect to registration 22 
requirements, the data supports the conduct of a developmental neurotoxicity study.  There are 23 
concerns about the serious and irreversible nature of neurodevelopmental effects that have not 24 
been studied, the post-natal mortality from excess iodide that needs further study in the context 25 
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of MeI exposure, and the level of excess iodide in MeI being added to the background iodide 1 
intake (Section V.C.).  Because of these concerns, this risk assessment recommends the 2 
application of the additional uncertainty factor of 10-fold to the conventional benchmark MOE 3 
resulting in a MOE of 300, and to the reference concentration (RfC) calculation (Section V.D.).  4 
 5 
Compared to the benchmark MOE of 300, most of the exposure scenarios shown in Summary 6 
Tables 4 and 5 are below this value for acute and seasonal exposures of workers, bystanders, and 7 
residents as well as the chronic exposures of infants and children.  For the adults as workers, 8 
bystander workers, other bystanders, and adult residents, the MOEs are 0.1 to 22 for the fetal 9 
death endpoint.  Significant exposure reduction, as much as 3000-fold for worker bystanders 10 
involved in drip irrigation, is needed to meet the benchmark.  For the children in the bystander 11 
and resident groups, the MOEs are 7 and 11. They, too require a significant exposure reduction, 12 
about 40-fold.  13 
 14 
When the risks associated with iodide exposure from MeI exposure are considered, the exposures 15 
may need to be further reduced because some iodide levels from calculated MeI RfCs, using a 16 
total uncertainty factor of 300 (Summary Table 6), exceed established iodide standards.  The 17 
current tolerable upper intake levels (UL) of iodide are 200 µg/day for children (1-3 years) to 18 
1,100 µg/day (adults).  When the MeI RfC is 1 ppb for women of child-bearing age, based on the 19 
fetal death endpoint, the resulting total iodide exposure is below this limit.  However, iodide 20 
exposure from the higher MeI RfCs (5 to 14) for the nasal toxicity and neurotoxicity endpoints, 21 
applicable for all other age groups including children, as well as those from subchronic and 22 
chronic exposure, exceeds the limits.  For the protection of young children against excess iodide 23 
intake, a MeI RfC for any duration should not exceed 1 to 3 ppb.   24 
 25 
 26 
 27 
Summary Table 6.  Reference concentrations for MeI inhalation exposure.   28 
Duration/endpoint HEC (ppm) RfC (ppb), UF=300 
Acute Exposure 


0.22 (8 hour, adult) 1 Development effect: 
Fetal death in rabbits 0.24 (24 hour, adult) 1 


2.8 (8 hour) 9 Port-of-entry effect: 
Nasal effect in rats  2.2 (24 hour, all ages) 7 
Systemic effect: Neurotoxicity in rats  3.4 (all) 11  
Subchronic Exposure 


4.1 (8 hour) 14 Reproductive and developmental effects: 
↓ pup weight and viability, delayed 
development in rats 


1.4 (24 hour, adult) 5 


2.4 (24 hour, child) 8 Systemic effect: 
Liver and body weight changes, and nasal 
effects in rats  


1.9 (24 hour, infant) 6 


Chronic Exposure 
4.1 (8 hour) 14 
1.0 (24 hour, adult) 3 
0.6 (24 hour, child) 2 


Systemic effect: 
Salivary gland metaplasia in rats 
 


0.5 (24 hour, infant) 2 
a/ See Table 73 of this volume for details. 29 
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Conclusion 1 
 2 
The human health risk associated with the inhalation exposure to MeI from the proposed use in 3 
preplant field fumigation is evaluated in this risk characterization document.  The exposure 4 
groups assessed are: workers directly involved in the application of MeI, workers in the adjacent 5 
fields, bystanders present at the buffer zone of 152 meters, and residents living next to 6 
application sites.  Their exposures are estimated from MeI field monitoring studies.  The toxicity 7 
of MeI, in the evaluation of potential risk, is based on data from laboratory animals.  MeI is an 8 
endocrine disruptor resulting perturbation of maternal and fetal thyroid functions and 9 
histopathological changes in rats and rabbits.  It also causes degeneration to the nasal epithelium 10 
and neurotoxicity in rats.  These effects may be due to MeI and iodide toxicity.  Data supports 11 
the conduct of a developmental neurotoxicity study.  MeI is also an oncogen resulting in thyroid 12 
tumors in rats, and humans should be assumed to be more sensitive to the oncogenicity of MeI 13 
than laboratory animals.   14 


 15 
The toxicity endpoints for MeI exposure are: fetal death in rabbits, olfactory epithelial 16 
degeneration in rats, and neurotoxicity in rats for acute exposure, and reproductive and systemic 17 
effects in rats for repeated exposures.  The lowest HECs are those for acute exposures, 0.22 ppm 18 
for 8-hour, and 0.24 ppm for 24-hour exposures, based on fetal death in rabbits.  Calculated 19 
MOEs show acute exposure is of greater concern because the MOEs are lower than those for 20 
repeated exposures.  Acute MOEs are 0.1 to 22 for adults (fetal death endpoint) and 7 to 11 for 21 
young children (nasal toxicity endpoint) exposures.  22 


 23 
The appropriate benchmark to evaluate these MOEs is 300, which includes an additional 24 
uncertainty factor of 10-fold, instead of the conventional value of 30.  An additional uncertainty 25 
factor is deemed necessary to address concerns about MeI causing potential developmental 26 
neurotoxicity and post-natal death, as well as iodide toxicity.  The calculated MOEs for most 27 
exposure scenarios, acute as well as some repeated exposures, are well below this benchmark.  28 
Significant reduction of exposure, up to 3,000 fold, for some scenarios, is needed.  Thus, the MeI 29 
air concentration estimated for human exposure to MeI under the proposed use conditions will 30 
result in significant risks for workers and the general population.  Furthermore, RfCs to be 31 
established for MeI should not exceed 1 to 3 ppb, for any duration, to protect young children 32 
against excess iodide intake.  33 
 34 
 35 
  36 
 37 
 38 
 39 
 40 
   41 
 42 
 43 
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II.  INTRODUCTION 1 
 2 
 This human health risk assessment was conducted by the Department of Pesticide 3 
Regulation (DPR) to evaluate the potential risks associated with the inhalation exposure to 4 
methyl iodide (MeI, iodomethane1) from its use as a new preplant fumigant in California.  Risk 5 
assessment is the process used to evaluate the potential for human exposure and the likelihood 6 
that adverse effects of a substance will occur under specific exposure conditions.  For MeI, these 7 
conditions are occupational, bystander, and residential inhalation exposures for acute, 8 
subchronic, and chronic durations.  Dermal exposure to MeI is considered negligible and no 9 
dietary exposure is expected.  The potential exposure risk to chloropicrin, a component in MeI 10 
formulations, is addressed in a separate DPR risk assessment document.   11 
 12 
II.A.  Chemical Identification 13 
 14 


Methyl iodide is found in the air as a result of marine organism biogenic processes and 15 
anthropogenic activities.  As a pesticide, MeI is a pre-plant fumigant to control soil-borne pests 16 
in fields intended for crops such as strawberries and tomatoes, trees and vine re-plants, and 17 
ornamental plants.  It is considered a methyl bromide replacement because it is not considered an 18 
ozone depleter.  The industrial uses of MeI include microscopy, methylation reactions, and other 19 
chemical syntheses.  Methyl iodide, a glutathione depleter in biological systems, has also been 20 
used to study the pharmacokinetics and mechanism of action for other compounds (for example, 21 
Priestly and Plaa, 1970; Schulze et al., 1976; Erich and Cohen, 1977; Di Simplicio et al., 1984).   22 
 23 
II.B.  Regulatory History  24 
 25 


In October 2007, the U. S. Environmental Protection Agency (USEPA) granted a 1-year 26 
time-limited registration for MeI as a pesticide after the completion of the risk assessment 27 
process (USEPA, 2005a to d; 2006; 2007; and 2008a).  In the risk assessment, USEPA evaluated 28 
only acute and short-term exposures.  The toxicity endpoints of concern were developmental 29 
toxicity (fetal loss), port-of-entry toxicity (nasal lesions), and neurotoxicity.  For the finding of 30 
thyroid tumors in rats, MeI was classified as "Not likely to be carcinogenic to humans at doses 31 
that do not alter rat thyroid hormone homeostasis." USEPA considered MeI a non-food use 32 
chemical and thus food tolerances were not needed.  The rationale for the non-food use 33 
determination included MeI rapid metabolism, low iodide level produced and its incorporation 34 
into natural plant constituents, and difficulty associated with enforcement of a tolerance on 35 
iodide, which is also a natural element in the environment.  USEPA concluded that MeI could be 36 
registered as a restricted use pesticide with the requirement of buffer zones, recording keeping, 37 
training and stewardship programs, entry restricted period, and respirators for some workers (tarp 38 
monitors, shovelers, tractor drivers and co-pilots).  On September 29, 2008, USEPA granted 39 
conditional registration for all MeI products without time limitations (Erickson, 2008; USEPA, 40 
2008a).  Additional discussion of the USEPA risk assessment is in Appendix C.   41 
  42 
  43 


                                                 
1 The term iodomethane is used in some other DPR documents (e.g., Pesticide Use Report).  
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 For industrial use of MeI, exposure limits and designations have been established, and 1 
they include: 2 
 3 
• 5 ppm (28 mg/m3) and skin effect- Permissible Exposure Level (PEL) 8-hour time-weighted-4 


 average (TWA), Occupational Safety and Health Administration (OSHA). 5 
• 2 ppm (10 mg/m3) and skin effect- 8-hour Threshold Limit Value (TLV),  6 


American  Conference of Governmental Industrial Hygienists (ACGIH) 7 
• 5 ppm (30 mg/m3)- 15 minute Short Term Exposure Limit (STEL), American Conference  8 


of Governmental Industrial Hygienists (ACGIH) 9 
• 25 ppm for EPRG 1 and 50 ppm for ERPG 2- Emergency Response Planning Guidelines 10 


 (ERPGs2) for 60 minutes, American Industrial Hygiene Association (AIHA) 11 
• 2 ppm (10 mg/m3), skin effect, and potential carcinogen- Recommended Exposure Limit 12 


 (REL) TWA, National Institute of Occupational Safety and Health (NIOSH).  The 13 
 oncogenicity designation was based on the finding of local sarcomas in rats  14 


 (Druckrey et al., 1970), and lung tumors in mice (Poirier et al., 1975).    15 
• 100 ppm (580 mg/m3)- The Immediately Dangerous to Life or Health (IDLH) level based on 16 


 acute LC50 (lethal concentration at 50% death) inhalation toxicity in animals 17 
• A federal hazardous air pollutant, and a toxic air contaminant by the California Air Resource 18 


 Board (ARB) under AB 2728 (ARB, 1997).   19 
 20 
 On the oncogenicity of MeI, the International Agency for Research on Cancer (IARC) 21 
initially concluded that there was limited evidence for carcinogenicity of MeI to experimental 22 
animals (subcutaneous sarcoma in rats, Druckrey et al., 1970; lung tumors in mice, Poirier et al., 23 
1975) and no evaluation was made for humans (IARC, 1986).  Later, IARC revised the 24 
evaluation to conclude that MeI was not classifiable as to its carcinogenicity to humans (Group 25 
3) (IARC, 1999).  The National Toxicology Program (NTP) delisted MeI as a carcinogen in their 26 
recent Report on Carcinogens (NTP, 2005).  The delisting was based on the IARC reevaluation 27 
conclusion that the data were equivocal.  In California, MeI was listed in 1988 under Proposition 28 
65 as a chemical known to cause cancer, based on mutagenicity and the finding of sarcoma in the 29 
rat study (Druckrey et al., 1970) (Scientific Advisory Panel, 1988).    30 
 31 
II.C.  Technical and Product Formulations    32 
 33 


The MeI-containing products being considered for DPR registration include MeI 34 
technical, and in various amounts with chloropicrin (range from 2% as a warning agent to 50% 35 
as an active ingredient) (details of the label and proposed uses are in Volume II).  The primary 36 
registrant is Arysta LifeScience North America Corporation (referred to as Arysta). 37 
 38 
II.D.  Usage 39 
 40 


No information is available for MeI because it is not registered for use in California.   41 
 42 


                                                 
2 ERPG 1 is the maximum airborne concentration below which it is believed nearly all individuals could be exposed 
up to one hour without experiencing other than mild transient adverse health effects or perceiving a clearly defined 
objectionable odor. ERPG2 addresses irreversible or other serious health effects that could impair individuals from 
taking protective action. 
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II.E.  Illness Reports 1 
 2 


Since MeI is not yet used in California, there are no illness reports in the DPR Pesticide 3 
Illness Surveillance Program Report.  Case reports of human poisonings are discussed in Section 4 
III.I.  Human Exposure.    5 
 6 
II.F.  Physical and Chemical Propertiesa 7 
 8 
Chemical Name:   Methyl iodide 9 
CAS Registry number:  74-88-4 10 
Common Name:   Iodomethane 11 
Trade Name:    Midas 12 
Molecular formula:   CH3I 13 
Molecular weight:   141.95 g/mole  14 
 15 
Chemical structure:                I 16 
 17 
                                                              C 18 
                                                      H              H 19 
                                                              H 20 
 21 
Physical appearance:   Colorless transparent liquid with an acrid odor 22 
Solubility: Slightly soluble in water (14.2 g/L at 20EC); soluble in 23 


acetone; miscible with diethyl ether and ethanol   24 
 25 


Boiling Point:    42EC  26 
Melting Point:    -66.1EC 27 
Vapor Pressure:   398 mmHg at 25°C 28 
Henry's Law Constant (Kh):  0.0054 atm-m3/mol (25°C) 29 
Octanol/Water Partition Coefficient: log Kow= 1.51 30 
Ozone Depletion Potential:  0.0015 31 
Atmospheric Lifetime:  5.2 days 32 
Conversion Factor:   ppm = 5.81 mg/m3 at 25EC 760 mm Hg 33 
     ppm = 5.65 mg/m3 at 21EC 34 
     1 m3 =1000 L 35 
________________________________________________________________________ 36 
a/ References: ATSDR, 2004, Volume II, and Volume III. 37 
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II.G.  Environmental Fate  1 
Summary: After field application, MeI dissipates mainly by volatilization with rapid photolysis, 2 
with the release of iodine to the atmosphere.  Other degradation routes, abiotic hydrolysis, 3 
aqueous photolysis, and biotransformation via soil microorganisms, are considered relatively 4 
minor.  In field studies, residues were below the detection limit or at low levels in strawberries 5 
and tomatoes grown on MeI fumigated soils because of environmental degradation and plant 6 
metabolism. 7 
 8 
II.G.1.  Dissipation and Degradation 9 
  10 
 The environmental fate of MeI in the water, soil, and the atmosphere is presented in 11 
Volume III.  In summary, the sources of MeI in the environment are soil volatilization, marine 12 
organism metabolism, biomass burning, as well as soil microorganism and plant metabolism.  13 
The primary route of dissipation is volatilization with rapid photolysis, which releases active 14 
iodine with an atmospheric photolysis half-life of 5.2 days.  The estimated ozone depletion 15 
potential (ODP) due to MeI photo-dissociation in the stratosphere is 0.0015, compared to 0.4 for 16 
methyl bromide.  The other degradation routes, abiotic hydrolysis, aqueous photolysis, and 17 
biotransformation via soil microorganisms, are considered relatively minor.     18 
 19 
II.G.2.  Residues in Soil and Plants 20 
 21 
 Residue studies were submitted to DPR to support the non-food use status of MeI based 22 
on these considerations: (1) the proposed pre-plant fumigation uses on strawberries, peppers, and 23 
tomatoes involved only a single application per season, (2) MeI is rapidly dissipated from the 24 
treated soil and there is little exposure for the transplanted seedlings, (3) the soil metabolite, 25 
iodide, declines with time due to uptake by microorganism or air oxidation to iodine, and (4) 26 
field studies with strawberry and tomatoes showed MeI residues at below the limit of 27 
quantitation (LOQ) of 0.005 ppm (Curry and Brookman, 2002).  Descriptions of the studies are 28 
presented in this section. 29 
 30 
 Two studies were conducted to examine the nature of residues in the soil and fruits 31 
(strawberries and tomatoes).  Bare-root strawberries were transplanted on four quadrants of a 32 
plot pretreated with 14C-radiolabeled MeI at a maximum label rate of 235 pounds per acre 33 
(McFadden, 2002a).  The first quadrant planting occurred on 7 days after the application, and the 34 
others occurred at 7-day intervals.  Mature fruits were collected beginning 76 days after 35 
treatment and through a second crop from the first (oldest) plants.  Soil samples were collected at 36 
the time of transplant.  From the first week to the 4th week after application, MeI level in the soil 37 
declined from 0.09 ppm to 0.013 ppm.  The radioactivity ranged from 1.05 ppm for fruits from 38 
the first planting (76 days after application) to 0.248 ppm for those collected 118 days after 39 
applications (second crop).  Ninety-seven percent of the total radioactivity was found in the 40 
glucose or glucose-related components due to incorporation of the 14C-label.  Iodide levels in the 41 
fruits of treated plots were below the LOQ (0.03 ppm).    42 
 43 
 Tomato seedlings were transplanted into plots 6 days after the soil had been injected with 44 
14C-MeI at a maximum labeled rate of 235 pounds per acre (30 ppm MeI) (McFadden, 2002b).  45 
Soil samples were collected at the time of transplant.  Fruit samples were collected 104 (Group 46 
1) and 115 days (Group 2) after soil treatment, respectively.  The extractable radioactivity (as 47 
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MeI) in the soil was less than 5% of total radioactivity, or less than 0.12 ppm.  Analysis of the 1 
mature fruit showed MeI residue below the LOQ of 0.005 ppm.  Most of the total residue was 2 
found in the glucose or glucose-related components, about 70% of the total radioactive residues.  3 
Iodide was detected in the 104-day samples at low levels (less than 0.13 ppm to 0.24 ppm), but 4 
not in the 115-day samples (LOQ of 0.03 ppm).   5 
 6 
 Field trials were conducted to determine the magnitude of the residues in strawberries 7 
and tomatoes grown on treated soils.  Five field trials on strawberries were conducted in Florida, 8 
California, and Missouri with MeI at the maximum label rate of 235 lbs per acre (Cassidy et al., 9 
2002).  Strawberry transplants were planted through the tarping at 7 days after treatment.  For all 10 
trials, fruits collected at earliest maturity showed no MeI residues (LOQ of 0.005 ppm).  Iodide 11 
levels in strawberries from treated plots were below the LOQ (30 ppb) for two trials (Arroyo 12 
Grande, CA; Salinas, CA), and up to 62 ppb (control at <30 ppb) in two trials (Oxnard, CA; 13 
Clarence, MO).  The result for the Hobe Sound, FL trial was not available due to analytical 14 
problems.   15 
 16 
 Five field trials with tomatoes were conducted in Florida and California with MeI at the 17 
maximum label rate of 235 lbs per acre (Cassidy, 2002).  Tomato seedlings were planted through 18 
the tarping at 5, 7, and 11 days after treatment.  For all trials, fruits collected at earliest maturity 19 
showed no MeI residues (LOQ of 0.005 ppm).  Iodide levels in tomatoes from treated plots were 20 
below the LOQ (30 ppb) for two trials (Hobe Sound, FL; and Arroyo Grande, CA), up to 56 ppb 21 
(control at <30 ppb) in two trials (Boyton Beach, FL; Kettleman City, CA), and similar (37 to 48 22 
ppb) as the control (42 ppb) for the fifth trial (San Ardo, CA). 23 
 24 
 25 
 26 
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III.  TOXICOLOGY PROFILE 1 
 2 
This section describes the toxicological database of MeI, which consists of 3 


pharmacokinetic and toxicity studies submitted to DPR and those published in scientific journals.  4 
All toxicity studies required under The Birth Defect Prevention Act of 1984 (SB 950)3, have 5 
been submitted with adverse effects identified for the following study types (and indicated 6 
species): chronic toxicity (rat, dog), oncogenicity (rat, mouse), reproductive toxicity (rat), 7 
teratology (rabbit), and chromosome effects.  These studies are considered in the hazard 8 
identification of MeI (IV.A.) and selected studies will also be referred to in the Appendix A on 9 
the review of the Physiological Based Pharmacokinetic (PBPK) model used to determine the 10 
human equivalent concentrations (HECs).  The toxicity of iodide, a metabolite of MeI, is 11 
discussed in this document only in the context of MeI toxicity in this section and risk 12 
characterization in the RISK APPRAISAL (Section V.C.3.).  Comprehensive reviews on iodine 13 
toxicity are available in the published literature (e.g., Agency for Toxic Substances and Disease 14 
Registry; ATSDR, 2004).   15 


 16 
Toxicity studies on MeI have been conducted in rats and rabbits by the inhalation route, 17 


the main route of human exposure, as well as mice and dogs by the oral route.  Results show 18 
both port-of-entry and systemic effects.  To compare the results among the studies, the doses are 19 
expressed in the same term (mg/kg/day) to account for differences in the intake of MeI due to 20 
breathing rate differences between species, routes of administration, and duration of exposure 21 
(see calculations in Appendix B).  This approach follows the dose calculation methods outlined 22 
in the USEPA Exposure Assessment guidelines, where the potential dose is a function of the 23 
concentration and intake rate (USEPA, 1992).  It has generally been used for dietary exposure 24 
studies where the exposure concentration is expressed as the dose to account for consumption 25 
rate and duration of exposure.  For each study, the no-effect level, if established, may be 26 
expressed as No-Observed-Effect Level (NOEL) or No-Observed-Adverse-Effect Level 27 
(NOAEL).  For the purpose of this document, either no-effect level designation is considered 28 
relevant for hazard identification.  When available, the NOAELs established by the USEPA 29 
(USEPA, 2006a and 2007) are also cited4.   30 
 31 
III.A.  Pharmacokinetics 32 
 33 
Summary: In rats, the oral and inhalation absorption of 14C-MeI was rapid and was considered 34 
complete (100% of the administered dose).  After oral exposure, the peak blood radioactivity 35 
(14C) level was reached by 6 hours after administration.  The highest radioactivity levels were 36 


                                                 
3 The required studies are: chronic toxicity (in two species), oncogenicity (in two species), reproductive toxicity 
(rats), developmental toxicity (in two species), genotoxicity, and neurotoxicity studies. For the SB 950 toxicity 
studies, the acceptability of studies (except genotoxicity studies) is based on the USEPA Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) guidelines. The acceptability of the genotoxicity studies is based on the 
Toxic Substances Control Act guidelines (Federal Register, 1985 and 1987). A study is considered supplemental 
information if the SB 950 data requirement for a certain study type is already fulfilled by an acceptable study or if 
the study is not part of the SB 950 data requirement. The Summary of Toxicology Data for this SB950 database is 
available online at http://www.cdpr.ca.gov/docs/risk/toxsums/toxsumlist.htm, and all relevant studies in that 
database are described in this section. 
4 MRID numbers are study numbers assigned by the USEPA. They are provided in this document for cross-
reference purposes.  
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found in the liver and gastrointestinal (GI) tract, with lower amounts in the thyroid and other 1 
tissues.  The routes of elimination were expired air as radiolabeled carbon dioxide (52-73% of 2 
dose), urine (30-40% of dose), and feces (2-4% of dose).  For inhalation exposure, peak tissue 3 
levels were obtained immediately following exposure with the highest tissue radioactivity levels 4 
found in the thyroid, lungs, and nasal turbinates.  Expired air (40 to 47% of dose) and urine (30-5 
40% of dose) were also the main routes of elimination.  Fecal elimination was 1-2% of the dose.  6 
For both routes of exposure, the major urinary metabolites were S-methyl glutathione and N-7 
(methylthioacetyl) glycine.  In rabbits given 14C-MeI by subcutaneous injection, the highest 8 
radioactivity was detected in the brain, with subcellular distribution primarily to the 9 
mitochondria.  In humans exposed to 132I-MeI by inhalation, 132I retention in the body ranged 10 
from 53% to 92% of the dose, and correlated with the respiratory rate (breaths/min) of the 11 
individuals.  132I was detected in the thyroid, salivary gland, and saliva.  The human inhalation 12 
absorption was considered 100%, the same value as for the rat.  No pharmacokinetic study for 13 
dermal exposure has been submitted.  Additional information on the pharmacokinetics of MeI, 14 
related to PBPK modeling, is presented in Section III.J. and Appendix A. 15 
 16 
III.A.1.  Absorption and Distribution  17 
 18 
 The pharmacokinetics of 14C-MeI (TM-425, 99.7% pure; radiochemical purity 97%) after 19 
oral (single dose by gavage, 12/sex/group) and inhalation (5.5 hours whole-body, 12/sex/group) 20 
exposures were studied with Sprague-Dawley Crl:CD(SD)IGS-BR male rats (Sved, 2002) and 21 
female rats (Sved, 2003).  Each exposure route and gender had a main test group.  A 22 
supplemental test was conducted only in the males to address the inefficient trapping of expired 23 
carbon dioxide, which resulted in low recovery of the administered doses in the main test.  For 24 
the oral main test, the doses were 1.5 mg/kg and 24 mg/kg for males, and 1.7 mg/kg and 21 25 
mg/kg for females.  Animals from each group were sacrificed at 1 hour, 6 hours, or 168 hours 26 
post-dosing.  In the oral supplemental test, the males were given either 1 or 35 mg/kg, and all 27 
were sacrificed 48 hours post-dosing.   28 
 29 
For whole-body inhalation exposure, the doses for the main test were 25 ppm (31 mg/kg) and 30 
233 ppm (289 mg/kg) for males, and were 24 ppm (39 mg/kg) and 250 ppm (373 mg/kg) for 31 
females.  They were sacrificed at 0 hour (immediately following the 5.5-hour exposure), 6 hours, 32 
or 168 hours post-dosing.  In the inhalation supplemental test, the males were given 21 ppm (26 33 
mg/kg) or 209 ppm (259 mg/kg).  They were divided into two sub-groups with sacrifice time of 0 34 
hour (immediately following the 5.5-hour exposure) and 48 hours post-dosing.  Note that this 35 
study design resulted in differences in the amount of time allowed for tissue distribution.  For 36 
example, the first sampling time was immediately after gavage dosing, while it was after 5.5 37 
hours for inhalation exposure.  Expired air, urine, feces, and blood samples were collected at 38 
intervals during the study.  Necropsy was performed only on the main test animals.  MeI levels 39 
were quantified by 14C-radioactivity (mean µg MeI equivalents/g tissue or medium) (Tables 1 40 
and 2) or % of dose recovered in different compartments (Tables 3 and 4).  Iodine levels were 41 
not measured.   42 
 43 
Methyl iodide was readily absorbed by both routes and distributed to all tissues examined 44 
(Tables 1 and 2).  With oral exposure for both doses, the maximal concentration in the blood was 45 
achieved between 4 to 6 hours.  The highest radioactivity was measured in the liver and GI tract, 46 
where peak levels occurred during the first hour after dosing.  For other organs, highest levels 47 
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were generally reached by 6 hours.  For inhalation exposure, peak blood and tissue levels were 1 
measured immediately after exposure (Tables 1 and 2).  The blood radioactivity level remained 2 
relatively constant through 4 hours post dosing.  Immediately after exposure, highest 3 
radioactivity was found in the thyroid and lung.  At 233 or 250 ppm, high levels were also found 4 
in the kidneys and nasal turbinates.    5 
 6 
Table 1.  MeI equivalents (14C-radioactivity) in male rat tissues after oral or inhalation 7 


exposures.a 8 
Tissue levels -mean µg MeI equivalents/g tissue 


Oral Inhalation 
Tissues 


1.5 mg/kg 24 mg/kg 25 ppm,  
31 mg/kgb 


233 ppm,  
289 mg/kgb 


Blood      1 or 0 hr 
                       4 hr 
                       6 hr 
                    168 hr 


  0.861 
  1.03 
  0.963 
  0.175 


  11.7 
  16.1 
  15.8 
    2.91 


    8.54 
    7.87 
    6.76 
    1.95 


  61.2 
  60.0 
  54.2 
  12.9 


Spleen     1 or 0 hr 
                       6 hr 


168 hr 


  1.24 
  1.40 
  0.319 


  29.0 
  24.7 
    5.50 


  43.4 
  12.6 
    2.49 


152 
  66.7 
  16.3 


Kidney  1 or 0 hr 
6 hr 


168 hr 


  1.28 
  2.40 
  0.406 


  17.3 
  36.8 
    7.34 


  50.5 
  19.7 
    3.70 


319 
134 
  24.1 


Liver     1 or 0 hr 
6 hr 


168 hr 


12.1 
  2.7 
  0.377 


204 
  54.6 
    7.27 


  24.5 
  16.8 
    3.15 


187 
153 
  23.9 


Brain     1 or 0 hr 
6 hr 


168 hr 


  0.471 
  0.680 
  0.154 


    5.97 
  10.3 
    2.62 


  21.9 
  12.6 
    1.30 


121 
  93.5 
    9.12 


Thyroid 1 or 0 hr 
6 hr 


168 hr 


  0.807 
  1.14 
  0.367 


  17.9 
  19.7 
  18.7 


106 
  34.9 
    2.57 


198 
136 
  21.7 


Lung      1 or 0 hr 
6 hr 


168 hr 


  0.752 
  1.05 
  0.258 


  11.1 
  18.0 
    4.28 


  75.2 
  21.5 
    2.40 


189 
  85.9 
  16.5 


Nasal     1 or 0 hr 
turbinates      6 hr 


168 hr 


  0.549 
  1.02 
  0.342 


    9.9 
  16.0 
    5.85 


  51.7 
  14.3 
    3.01 


138 
  72.4 
  18.6 


Fat         1 or 0 hr 
6 hr 


168 hr 


  0.107 
  0.152 
  0.103 


    3.53 
    2.52 
    1.26 


    3.20 
    1.49 
    0.524 


  23.1 
  10.5 
    4.29 


GI tract 1 or 0 hr 
6 hr 


168 hr 


11.7 
  3.42 
  0.207 


  78.8 
  36.2 
    3.76 


  24.3 
  11.8 
    1.79 


192 
113 
  10.6 


a/ Data from Sved (2002).  The first sampling points were 1 hour after oral, and immediately (0 hour) after the 5.5 9 
hours of inhalation exposures.   10 


b/ Conversion of ppm to total dose: 11 
  ppm x 5.81 mg/m3/ppm x 1000L/m3x1.152 m3/kg/day x hours exposed/24 hours.  The 1.152 m3/kg/day is the 12 


respiration rate used by the investigators.  The DPR default value is 0.96 m3/kg/day.   13 
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Table 2.  MeI equivalents (14C-radioactivity) in female rat tissues after oral or inhalation 1 
exposures.a 2 


 3 
Tissue levels -mean µg MeI equivalents/g tissue 
Oral Inhalation 


Tissues 


1.7 mg/kg 21 mg/kg 24 ppm, 
39 mg/kgb 


250 ppm, 
373 mg/kgb 


Blood    1 or 0 hr 
                     4 hr 
                     6 hr 
                 168 hr 


    1.16 
    1.61 
    1.55 
    0.193 


    12.5 
    18.6 
    19.0 
      2.61 


    10.1 
      8.19 
      6.76 
      1.58 


   67.0 
   63.0 
   62.9 
      9.15 


Spleen   1 or 0 hr 
                     6 hr 


168 hr 


    1.94 
    1.89 
    0.384 


    30.7 
    22.6 
      5.70 


    53.2 
    10.6 
      2.42 


  168 
    70.4 
    13.4 


Kidney  1 or 0 hr 
6 hr 


168 hr 


    1.67 
    2.86 
    0.467 


    17.4 
    31.3 
      6.99 


    57.0 
    12.2 
      2.25 


  336 
  130 
    17.8 


Liver     1 or 0 hr 
6 hr 


168 hr 


  12.2 
    3.80 
    0.448 


  179 
    54.8 
      7.52 


    29.4 
    19.8 
      2.90 


  223 
  140 
     23.3 


Brain     1 or 0 hr 
6 hr 


168 hr 


    0.684 
    1.11 
    0.225 


      5.68 
    11.9 
      2.97 


    24.8 
    12.6 
      1.42 


  123 
    94.3 
      8.61 


Thyroid 1 or 0 hr 
6 hr 


168 hr 


    1.28 
    1.63 
    0.391 


    12.6 
    26.6 
      5.31 


  175 
    32.8 
      4.31 


  337 
  172 
     14.5 


Lung     1 or 0 hr 
6 hr 


168 hr 


    1.57 
    1.79 
    0.354 


    14.8 
    20.8 
      5.21 


    92.7 
    23.5 
      2.27 


  200 
     94.1 
     13.2 


Nasal     1 or 0 hr 
turbinates      6 hr 


168 hr 


    1.16 
    1.88 
    0.416 


      6.95 
    16.8 
      5.12 


    53.0 
    15.5 
      3.13 


  152 
    77.4 
    13.5 


Fat         1 or 0 hr 
6 hr 


168 hr 


    0.169 
    0.218 
    0.073 


      3.46 
      3.05 
      1.45 


      5.59 
      2.76 
      0.87 


    31.5 
    18.2 
      5.39 


GI tract 1 or 0 hr 
6 hr 


168 hr 


  11.8 
    4.61 
    0.220 


    77.5 
    41.1 
      3.44 


    30.3 
    13.4 
      1.70 


  219 
    95.0 
      7.85 


a/ Data from Sved (2003).  The first sampling points were 1 hour after oral, and immediately (0 hour) after the 5.5 4 
hours of inhalation exposures.   5 


b/ Conversion of ppm to total dose: 6 
  ppm x 5.81 mg/m3/ppm x 1000L/m3x1.152 m3/kg/day x hours exposed/24 hours.  The 1.152 m3/kg/day is the 7 


respiration rate used by the investigators.  The DPR default value is 0.96 m3/kg/day.   8 
 9 
 10 
 11 
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The blood kinetics of MeI equivalents were considered similar regardless of route, dose, or 1 
gender5.  The 14C-elimination initial T1/2 ranged from 5.1 to 7.2 hours for males, and 3.8 to 7.7 2 
hours for females.  The 14C-elimination terminal T1/2 ranged from 116 to 136 hours for males 3 
and 88 to 114 hours for females.  The amount absorbed (% of dose for total recovery) was 4 
considered 100% for both routes based on results from the data for the supplemental tests in 5 
males (Table 3) and the main test for the females (Table 4). 6 
 7 
 8 
Table 3.  Group mean recovery (% of dose) of MeI equivalents (14C-radioactivity) in male 9 


rats.a 10 
 11 


% of Dose 
Oral Inhalation in ppm (total dose) 


Main Test Supplement Test Main Test Supplement Test 


 


1.5 
mg/kg 


24 
mg/kg 


1  
mg/kg 


35 
mg/kg 


25 ppm 
(31 mg/kg) 
 


233 ppm 
(289 mg/kg) 


21 ppm 
(26 mg/kg) 


209 ppm 
(259 mg/kg) 


All tissues 
-brain 
-thyroid 
-lung 
-nasal 
-liver 
-others 


  1.70 
  0.05 
<0.01 
  0.09 
  0.01 
  1.23 
  0.34 


  1.71 
  0.06 
<0.01 
  0.09 
  0.01 
  1.23 
  0.34 


NE NE   1.57 
  0.06 
<0.01 
  0.09 
  0.01 
  1.10 
  0.33 


  1.70 
  0.06 
<0.01 
  0.08 
  0.01 
  1.26 
  0.31 


NE NE 


GI tract 
&contents 


  0.65   0.69 NE NE   0.60   0.52 NE NE 


Blood   0.24   0.32 NE NE   0.35   0.28 NE NE 
Organic 
vapor 


  0.13   0.22 NE NE   0.12   0.14 NE NE 


Carbon 
dioxideb 


34.99 12.77 51.71 60.81   2.98   2.75 46.95 39.40 


Urine 29.02 35.27 30.04 33.40 34.68 33.63 28.73 26.50 
Feces   2.66   2.47   1.74   1.73   1.58   1.40   1.32   0.74 
Carcass 13.12 11.92 20.85 26.91 14.39 13.85 26.72 23.83 
Cage 
Wash 


  0.06   0.05   0.53   0.62   0.06   0.18   1.10   0.96 


Total 
Recovery 


82.6 65.4 104.9 123.5 56.3 54.4 104.8 91.4 


a/ Data from Sved (2002).  “All tissues” values do not add up to the values of individual tissues and others due to 12 
rounding.  Other tissues=fat, spleen, and kidney.  Urine=sum of urine and cage rinse.  Total recovery=sum of all 13 
components.  NE=not evaluated.   14 


b/ In the main test, there was inefficient trapping of expired carbon dioxide.  Results from the supplemental test were 15 
used for total recovery.   16 


 17 


                                                 
5 In the male study, radioactivity was measured only in whole blood. But in the female study, radioactivity was 
measured in plasma and blood cellular fraction. In order to compare these values, a cellular volume of 50% was 
assumed such that the average of plasma and cellular fraction values was equivalent to those for the whole blood.  
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Table 4.  Group mean recovery (% of dose) of MeI equivalents (14C-radioactivity) in female 1 
rats.a 2 


 3 
% of Dose 


Oral Inhalation in ppm (total dose) 
 


1.7 mg/kg 21 mg/kg 24 ppm 
(39 mg/kg) 


250 ppm 
(373 mg/kg) 


All tissues     2.09     2.32     1.55     1.77 
GI tract 
&contents 


    0.80     0.84     0.69     0.57 


Blood     0.23     0.29     0.34     0.31 
Organic vapor     2.90     1.42     2.35     1.04 
Carbon dioxideb   53.47   73.29   39.98   46.61 
Urine   38.11   42.99   33.84   35.85 
Feces     3.15     3.88     2.59     1.29 
Carcass   13.97   14.02   14.17   10.76 
Cage Wash     0.10     0.13     0.10     0.05 
Total Recovery 115 139   95.6   98.2 
a/ Data from Sved (2003).  Urine=sum of urine and cage rinse.  Total recovery=sum of all components.   4 


 5 
 6 
 7 
The disposition of MeI was studied in rabbits after a single subcutaneous injection of 14C- 8 


MeI (53.5 to 57 mg/kg) (Hasegawa et al., 1971; Hasegawa, 1969).  Peak tissue levels were 9 
obtained at 24 hours, with much lower levels at 48 hours and 72 hours after exposure.  10 
Detectable radioactivity levels were measured in the brain (highest level), blood, muscle, spleen, 11 
heart, and liver.  The radioactivity in the brain persisted longer than other organs.  12 
Radioautographs showed the radioactivity associated with the gray matter, brain stem, and the 13 
cerebellar cortex.  Subcellular analyses revealed that the highest radioactivity (on per 0.2 mL 14 
basis) was in the mitochondria of brain cells, and nuclei of liver cells.   15 


 16 
In humans, the uptake of MeI is related to the respiratory rate.  Human volunteers (17 17 


males, 1 female) were exposed to 132I-MeI vapor (3 mrem, dose not specified) by inhalation for 5 18 
minutes via a mouth piece (Morgan and Morgan, 1967).  Radioactivity in the exhaled air was 19 
trapped by charcoal, and used to calculate body retention.  The retention ranged from 53% to 20 
92%, and correlated with the respiratory rate (breaths/min).  Individuals with the low respiration 21 
rates had the higher retention than those with higher rates6.  Additional experiments conducted 22 
with two subjects confirmed this relationship and suggested negligible absorption in the 23 
conducting airways.  The DPR Worker and Health Safety Branch evaluated this study for the 24 
determination of inhalation absorption factor.  Since the percent retention/absorption of MeI for 25 
individuals at rest or at work can vary widely, a default factor of 100% retention/absorption is 26 
assumed for the exposure assessment in Volume II. 27 


 28 


                                                 
6 The average breathing rate was 0.18 m3/kg/day (range of 0.09 m3/kg/day to 0.44 m3/kg/day assuming body weights 
of 70 kg and 65 kg for males and females, respectively).  
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 Human volunteers were given 132I-MeI (30 µg of unlabelled MeI as a carrier) by 1 
inhalation in a series of experiments (Morgan et al., 1967).  Four subjects were exposed to MeI 2 
by inhalation for 5 minutes, and one subject inspired the vapor as a single deep breath and held 3 
for 45 seconds.  In the third experiment, one subject drank 132I-sodium iodide (NaI, 10 µg 4 
unlabelled NaI as a carrier).  For each experiment, thyroid uptake of 132I was measured with a 5 
“NaI crystal” detector on the surface of the skin above the gland.  Since the use of the detector is 6 
an indirect method, the potential sources of errors were: (1) extra-thyroidal radioactivity at the 7 
beginning of the experiment, (2) unknown size and location of the thyroid, and (3) low 8 
radioactivity at the end of the experiment.  Radioactivity in the blood and urine was also 9 
measured.  Following inhalation exposure, the uptake of 132I in the thyroid was fitted with two 10 
exponential curves as one individual had much higher % of retention (34.1 mrem) than the other 11 
three subjects for all time points.  The thyroid of the high retention individual showed 40% of the 12 
retained 132I by 10 hours after administration.  For the other subjects at the same time point, the 13 
retention was about 20-25%.  The total thyroid dose ranged from 7.5 to 34.1 mrem for 5-minute 14 
inhalation exposure, 7.4 to 17.1 mrem for single breath inhalation, and 20.5 mrem for oral 15 
ingestion. 16 
 17 
In the venous blood for all test subjects, 132I levels generally showed rapid increase immediately 18 
after MeI exposure and decreased slowly with time.  The maximum concentration of 132I in blood 19 
was about 4% of the retained dose.  At 150 minutes after exposure, the blood level was about 20 
2.5%.  The amount of radioactivity in the saliva was also measured in one subject who inhaled 21 
MeI over a 5-min period.  The saliva showed a concentration of 90%/L during the first hour after 22 
inhalation exposure.  This was much higher than the 2%/L, the average concentration in the 23 
blood at the same time.  This result was consistent with the salivary gland as a site of 24 
bioaccumulation of iodide.  In addition, the thyroid 132I-uptake curve for NaI after oral ingestion 25 
was similar to that for inhalation exposure to MeI.  Scan of the subject who ingested NaI showed 26 
“considerable” levels of radioactivity in the cardia and body of the stomach, the site of gastric 27 
glands, also known to bioaccumulate iodide. 28 
 29 
III.A.2.  Metabolism and Excretion 30 
 31 
 In rats, the major route of excretion was via the expired air for both oral and inhalation 32 
exposures in the studies described previously (Sved, 2002 and 2003).  Post exposure, 14C-carbon 33 
dioxide measured was 52 to 61% (male, oral exposure), 53-73% (female, oral exposure), and 40-34 
47% (both genders, inhalation) of exposure dose (Tables 3 and Table 4, Supplemental tests).  35 
Urinary elimination accounted for about 30 to 40% of the dose for all groups.  Peak elimination 36 
time was between 6 and 12 hours.  A small fraction of the dose (1-3%) was recovered in the 37 
organic vapor phase but the nature of the radioactivity was not identified.  Fecal excretion was 38 
minor, at 2-4% and 1-2% of the dose for oral and inhalation exposures, respectively, and was 39 
diminishing by 24 or 48 hours.  In the males, the urinary metabolites for both routes were S-40 
methyl GSH and N-(methylthioacetyl) glycine (major metabolites), methylthioacetic acid, S-41 
methylcysteine, and methylmercapturic acid (Figure 1).  Additional metabolites 42 
(methylthiopyruvic acid, S-methylcysteine sulfoxide, and methylmercapturic acid sulfoxide) 43 
were identified in the female urine samples.   44 
 45 
 Based on results from an earlier study (Johnson, 1965), the conjugation of MeI with GSH 46 
as a metabolic pathway was studied in female white rats (Porton strain) given a single oral dose 47 
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of MeI (0, 50, 75, and 100 mg/kg) (Johnson, 1966).  Liver non-protein thiols (predominantly 1 
GSH) were depleted at all doses tested; ranged from a loss of about 40% (compared to control) at 2 
50 mg/kg to more than 90% at 100 mg/kg.  Kidney, brain, and blood non-protein thiols were 3 
reduced to a smaller extent and only at 75 mg/kg and 100 mg/kg.  Chromatography showed S-4 
methyl-GSH in the liver extract as the result of an enzymatic methylation reaction.  Additional 5 
experiments with cannulated rats showed that S-methyl-GSH was excreted in the bile.  This 6 
compound was metabolized in the kidneys to yield glycine, glutamic acid and S-methylcysteine.   7 
 8 


In the studies by Hasegawa et al. (1971) and Hasegawa (1969), the data suggested that 9 
some MeI was not metabolized in rabbits after a single subcutaneous injection of 14C- MeI (53.5 10 
to 57 mg/kg).  This was based on the finding of toluene extractable tissue radioactivity 11 
(expressed as counts per minute/0.1 mL homogenate), which was assumed to be free MeI.  At 24 12 
hours after injection, all 14C radioactivity in the heart, and about 50% for the other tissues, were 13 
in the toluene fraction.  At 48 and 72 hours, 100% or more of the 14C radioactivity in the 14 
homogenate of all tissues, were in the toluene fractions.  There was no confirmation of the 15 
chemical identity in this study. 16 


 17 
 In the human study described previously (Morgan et al., 1967), the urinary excretion of 18 
132I was immediate after inhalation dosing with MeI.  The excretion was described by two 19 
exponential decay curves indicating inter-individual differences.  One individual had excretion 20 
rates faster than others, resulting in a cumulative excretion of 60% of the retained radioactivity, 21 
compared to 40% for the other subjects (values estimated from the graph in the report).  For both 22 
groups, urinary excretion of 132I increased with time with a peak at 40 minutes, and then 23 
decreased to a steady level at about 200 minutes.  Urine samples analyzed by chromatography 24 
were found to contain only iodide, and not MeI.  In comparison, the urinary excretion curve for 25 
NaI after oral ingestion was similar to those for MeI inhalation exposure.  This result and the 26 
absence of MeI in the urine samples suggested that MeI was rapidly metabolized to iodide after 27 
inhalation exposure.   28 
 29 
 Heterogeneity in the metabolism of MeI and methyl bromide by GSH S-transferase in 30 
humans was studied using erythrocytes in vitro (Hallier et al., 1990).  These compounds were 31 
incubated with GSH and fresh or boiled human erythrocyte cytoplasm, and activity was 32 
measured as chemical loss from the media.  Two populations were present in the preparations: 33 
non-conjugators and conjugators.  With the boiled preparations to measure non-enzymatic 34 
binding to GSH, MeI showed a more rapid decrease in concentration than methyl bromide.  The 35 
reaction was spontaneous with the rapid formation of S-methyl GSH.  A comparison of activities 36 
between nonconjugator and conjugator preparations, showed MeI conjugated both enzymatically 37 
and non-enzymatically to S-methyl GSH, but the non-enzymatic reaction was predominant.  In 38 
contrast, methyl bromide is conjugated largely by an enzymatic reaction.  An inhibitor study with 39 
sulfobromophthalein, a specific competitive inhibitor of a minor form of the erythrocyte GSH S-40 
transferase, confirmed the involvement of this enzyme in the enzymatic conjugation reaction.   41 
 42 
 43 
 44 
 45 







Draft – Do not cite or quote –draft MeI RCD Vol. I- March 9, 2009 


 22


Figure 1.  Metabolic pathways of methyl iodide.a  1 
 2 
 3 
                       Oral or Inhalation                                  Inhalation        Erythrocyte cytoplasm 4 
                              (Rat)                                                   (Human)                    (Human) 5 
                                                                                                  6 
                              7 
                                                  Cytochrome                                                 8 
GSH conjugation                   P450 mixed function                                         GSH-s-transferase 9 
GSH-s-transferase                    oxidase 10 
                                                               11 
 12 
                                                                                                                              13 
                                                                14 
 15 
      Urine                       Exhaled air                          Urine                  16 
Iodide                                      Carbon dioxide                       Iodide                 S-methylglutathione 17 
S-methylglutathione                            18 
S-methyl cysteine                                                                                                 19 
Methylthiopyruvic acid                                               20 
S-methylcysteine sulfoxide                                                                                        21 
N-(methythioacetyl) glycine      22 
Methythioacetic acid  23 
Methylmercapturic acid                                  24 
Methylmercapturic acid sulfoxide                                                                                                                 25 
                                                                       26 
  27 
a/ References: Sved, 2002 and 2003; Johnson, 1965 and 1966; Hallier et al., 1990; Schwartz et al., 2005.   28 
 29 
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III.B.  Acute Toxicity 1 
 2 
Summary: At lethal doses, MeI treated laboratory animals showed clinical signs and port-of-3 
entry effects.  These signs included difficulties in breathing, salivation, gait problems, and 4 
urinary/fecal excretion changes.  Histological studies indicated lesions of the olfactory 5 
epithelium (inhalation exposure), the GI tract (oral exposure), and the skin (dermal exposure).  6 
Technical MeI oral LD50s (lethal dose at 50% death) ranged from 79.8 mg/kg to 214.1 mg/kg 7 
(Toxicity Category II) in rodents.  The acute dermal LD50 is >2000 mg/kg (Toxicity Category 8 
III).  The inhalation 4-hour LC50 is 3.9 mg/L (691 ppm, Toxicity Category IV).  It is a skin 9 
(Toxicity Category II) and eye irritant (Toxicity Category I), as well as a skin sensitizer.  In 10 
comparison, formulation with 2% chloropicrin showed toxicity similar to technical MeI.  11 
Increasing chloropicrin concentration in these combinations resulted in greater toxicity with 12 
lower inhalation LC50s (0.18 and 0.24 mg/L), attributable to chloropicrin itself.   13 
 14 
At non-lethal doses, rats given MeI by the inhalation route showed clinical signs involving gait 15 
and activity changes, breathing difficulties, and other effects.  Functional observational battery 16 
testing of these rats reported clonic convulsion, lowered body temperature, reduced rotarod 17 
performance, and decreased total motor activity.   18 
 19 
III.B.1.  Acute Toxicity Category Studies  20 
 21 
 Acute toxicity category studies are summarized in Table 5.  Those with clinical 22 
observations, which may be useful for hazard identification, are described further in the 23 
following sections categorized according to species tested and routes of exposure.   24 
 25 
 Technical MeI (TM-425) is relatively more lethal by the oral route in rodents compared 26 
to inhalation and dermal exposures (Table 5).  The oral Toxicity Category was II with LD50s of 27 
79.8 mg/kg and 131.9 mg/kg for rats (Bonnette, 2001a), and 155 mg/kg and 214.1 mg/kg for 28 
mice (Bonnette, 2001b).  The acute dermal LD50 in rabbit and inhalation 4-hour LC50 in rats 29 
were in Category III and IV, respectively (Bonnette, 2001c; Kirkpatrick 2000 and 2002a).  The 30 
LC50 of 3.9 mg/L (691 ppm) is equivalent to 624 mg/kg/day (based on a default rat breathing 31 
rate of 0.96 m3/kg/day and amortized for a single day exposure).  Methyl iodide is an eye and 32 
skin irritant as well as a sensitizer (Bonnette, 2001d, e, and f).   33 
 34 
 The LD50, LC50, and irritation potential of the formulation containing MeI and a low 35 
level of chloropicrin as in TM-42501 (98.10% MeI and 2.19% chloropicrin) were similar to 36 
those for MeI only (Table 5).  When the proportion of chloropicrin was increased to 75% as in 37 
TM-42503, the acute oral LD50 was similar to TM-425 and TM-42501.  In contrast, the LC50 38 
for TM-42503 was 10-fold lower than the other two formulations.  This formulation also caused 39 
skin irritation and sensitization.  As a comparison, Table 5 also includes the acute inhalation 40 
LC50s for chloropicrin; these values were all lower than those for MeI alone indicating greater 41 
inhalation lethality by chloropicrin. 42 
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Table 5.  Acute toxicity category studies for MeI.a 1 
Study Type Result References 


TM-425 (99.7% MeI) 
Acute oral LD50-Rat (M) 79.8 mg/kg and  


(F) 131.9 mg/kg (II) 
*Bonnette, 2001a 
 


Acute oral LD50-Mouse (M) 155.0 mg/kg and  
(F) 214.1 mg/kg (II) 


*Bonnette, 2001b 


Acute dermal LD50-Rabbit (M/F) >2000 mg/kg (III) *Bonnette, 2001c 
Acute inhalation LC50-Rat (M/F) 3.9 mg/L, 691 ppm (IV) *Kirkpatrick, 2000 and 


2002a 
Eye irritation-Rabbit Iritis, conjunctival irritation (I) *Bonnette, 2001d 
Dermal irritation-Rabbit Erythema, edema (II) *Bonnette, 2001e 
Dermal sensitization-
Guinea Pig 


A sensitizerb *Bonnette, 2001f 


TM-42501 (98.10% MeI, 2.19% chloropicrin) 
Acute oral LD50-Rat (M) 151 mg/kg and  


(F) 82 mg/kg (II) 
*Bonnette, 2002a 


Acute dermal LD50-Rat (M/F) >2000 mg/kg (III) *Bonnette, 2002b 
Acute inhalation LC50-Rat (M) 2.85 mg/L  


(F) 4.13 mg/L (IV) 
*Hilaski, 2002a 


Eye irritation- Rabbit Corneal opacity, iritis (I) *Bonnette, 2002c 
Dermal irritation-Rabbit Erythema, edema (II) *Bonnette, 2002d 
Dermal sensitization-
Guinea Pig 


A sensitizer *Bonnette, 2002e 


TM-42503 (25% MeI, 75% chloropicrin) 
Acute oral LD50-Rat (M) 119.7 mg/kg and 


(F) 77.4 mg/kg (II) 
*Wilson, 2002a 


Acute dermal LD50-Rat 3/10 dead at 2000 mg/kg, 
highest dose tested 
(LD50 and toxicity category 
not determined) 


Wilson, 2002b 


Acute inhalation LC50-Rat (M) 0.18 mg/L and  
(F) 0.24 mg/L (II) 


*Hilaski, 2002b 


Dermal irritation-Rabbit Erythema, eschar, edema *Wilson, 2002c 
Dermal sensitization-
Guinea Pig 


A sensitizer *Wilson, 2002d 


Chloropicrin (Technical) 
Acute inhalation LC50-Rat 
(4 hours) 


0.069 mg/L 
0.097 mg/L  
0.044 mg/L (nose only) 
(M) 0.11 mg/L and  
(F) 0.13 mg/L  


Yoshida et al., 1987 
Yoshida et al., 1991 
Yoshida et al., 1991 
Hoffman, 1999 


a/ * indicates the study was acceptable according to FIFRA guidelines.  Except noted, inhalation exposures were 2 
whole-body exposures.  The lethal acute toxicity for chloropicrin is provided for comparison.   3 


b/ The USEPA did not consider this formulation to be a sensitizer (MRID 45593809; USEPA, 2006a). 4 
  5 
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III.B.2.  Rat – Inhalation 1 
 2 


In an acute neurotoxicity study, Crl:CD(SD)IGS-BR rats (12/sex/group) were given MeI 3 
(purity 99.7%; reported analytical concentrations of 0, 27, 93, or 401 ppm, respectively; or 0, 4 
0.15, 0.53, or 2.3 mg/L) by whole-body inhalation for 6 hours (Schaefer, 2002; Amendment in 5 
Schaefer, 2003).  The equivalent dosages are: 0, 37, 126, and 544 mg/kg/day.  One female at 401 6 
ppm died on study day 6; no other mortalities occurred during the study.  The mean body weight 7 
was reduced only in the 401-ppm males on day 7 and 14 (Table 6).  Clinical observations were 8 
recorded daily for 14 days after exposure.  The observation of dried red material around the nose 9 
or mouth occurred within 5 days after exposure, and the incidences were increased in the 93 10 
(males only) and 401-ppm groups (Tables 6 and 7).  Decreased defecation was noted within 3 11 
days after exposure at 93 ppm and 401 ppm, involving most or all the animals in the high dose 12 
group (Tables 6 and 7).   13 
 14 
Functional Observational Battery (FOB) testing conducted after dosing (day 0, within 3 hours 15 
after treatment) showed treatment-related effects observed in both genders (Tables 6 and 7).  At 16 
93 and 401 ppm, there was significant decrease in the body temperature.  At these two doses, 17 
clonic convulsion as indicated by repetitive movement of mouth and jaws, was observed in one 18 
each 93-ppm male and female.  Other effects were noted at 401 ppm, and they included: sitting 19 
with head held low, eyelids closed or partially closed, salivation, hunched body, slight gait 20 
impairment, decreased rotarod performance.  No treatment-related effects were observed when 21 
FOB assessments were conducted on days 7 and 14 post exposure. 22 
 23 
Motor activity assessments revealed a treatment-related decrease in mean total motor activity 24 
counts and in mean ambulatory motor activity counts in both genders at 93 ppm and 401 ppm 25 
after exposure.  These reductions on day 0 were statistically significant when compared to either 26 
to the concurrent control day 0 or the group’s own pretest level.  At 27 ppm, these endpoints 27 
were also significantly reduced for the treated female group when compared to the concurrent 28 
control day 0 value.  However, they were not statistically different than its pretest value.  29 
Examination of the individual data showed considerable variability between pretest and first day 30 
testing values for both control and treated groups.  For example, 7 of 12 females (25 ppm) had 31 
reduced total motor activity (range of 37 to 81% of pretest) while others showed increased 32 
activity (range of 113 to 177% of pretest) on day 0.  Similar results were obtained for ambulatory 33 
activity. 34 
 35 
Microscopic examination was limited to the control and high dose groups, and showed no 36 
treatment-related effects in the central and peripheral nervous system tissues, which included the 37 
brain (13 regions), spinal cord, trigeminal ganglia/nerves, lumbar and cervical dorsal root 38 
ganglia/fibers, lumbar and cervical ventral root ganglia/fibers, eyes, nerves (optic, sciatic, tibial, 39 
peroneal, and sural), and gastrocnemius muscle.  The NOEL was 27 ppm (37 mg/kg/day) based 40 
on decreased body temperature and decreased motor activity.  For risk assessment, the finding of 41 
clonic convulsion in the 93-ppm groups was also considered.  This study was considered 42 
acceptable to DPR according to FIFRA guidelines.  This NOEL will be considered as one of the 43 
critical NOELs for acute toxicity (Section IV.A.1.).   44 
 45 
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The USEPA established a systemic NOAEL of 27 ppm based on FOB findings (clonic 1 
convulsions in 1/12 females, decreased body temperature), and decreased motor activity at 93 2 
ppm (MRID 45593817; USEPA, 2006a).   3 
 4 
Table 6.  Clinical signs and functional observational battery results in male rats exposed to 5 


MeI by inhalation for 6 hours.a 6 
Doses Effects 


ppm 
           mg/kg/day 


0 
0 


27 
37 


  93 
126 


401  
544 


Mean body weight (g)  
Day 0 
Day 7 
Day 14 


224±15.1 
271±17.0 
314±31.2 


226±18.6 
272±25.7 
316±31.4 


224±19.4 
261±21.9 
307±26.3 


223±14.7 
244±15.8** 
290±15.6* 


Clinical signsb 
Dried red material around nose 
Dried red material around mouth 
Decreased defecation 


  0/0 
  0/0 
  0/0 


  0/0 
  0/0 
  0/0 


  5/2 
  0/0 
  1/1 


  4/3 
  6/5 
  9/9 


FOB parameters- Observations on Day 0, within 3 hours after treatment 
Physiological Observations 
Mean body temperature (°C) 


 
38.3±0.23 


 
38.3±0.28 


 
37.2±0.74** 


 
34.2±1.07** 


Home Cage Observations 


Sitting, head held low 
Convulsions, clonic  
Eyelids not wide open 


 
  0/12** 
  0/12** 
  0/12 


 
  0/12 
  0/12 
  0/12 


 
  0/12 
  1/12 
  0/12 


 
  4/12* 
  3/12 
  4/12 


Handling Observations 


Salivation  
 
  0/12** 


 
  0/12 


 
  0/12 


 
  6/12** 


Open-field Observations 


Gait, hunched body 
Convulsions, clonic  


 
  0/12** 
  0/12** 


 
  0/12 
  0/12 


 
  0/12 
  0/12 


 
  4/12* 
  3/12 


Neuromuscular Observations 


Rotarod performance  
(seconds, mean) 


 
96.4  


 
94.1 


 
107.7 


 
47.5** 


Motor Activity Assessment 
Total motor activity counts 
Pretest 
Day 0  
(% Day 0 Control) 
(% Pretest) 


 
969±513 
800±323  
800/800(100%) 
800/989(  83%) 


 
809±438 
637±288 
637/800(80%) 
637/809(79%) 


 
777±396 
201±78** 
201/800(25%) 
201/777(26%) 


 
1015±523 
102±65** 
102/800(13%) 
102/1015(10%) 


Mean ambulatory motor activity counts 
Pretest 
Day 0  
(% Day 0 Control) 
(% Pretest) 


324±220 
260±116 
260/260(100%) 
260/324(  80%) 


247±151 
194±102 
194/260(75%) 
194/247(79%) 


249±140 
  58±32** 
58/260(22%) 
58/249(23%) 


313±197 
    8±8** 
8/260(3%) 
8/313(3%) 


a/ Data from Schaefer (2002).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance in 7 
trend by the Cochran-Armitage Trend test is denoted at the control value.   8 


b/ # of occurrences/# of affected animals.  First incidents for dried materials and reduced defecation were 3 to 5 9 
days, and 1-3 days, respectively, after exposure.   10 
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 Table 7.  Clinical signs and functional observational battery results in female rats exposed 1 
to MeI by inhalation for 6 hours.a 2 


Doses Effects 
ppm  


           mg/kg/day 
0 
0 


27 
37 


  93 
126 


401  
544 


Mortality 0/12 0/12 0/12   1/12 
Clinical signsb 
Dried red material around nose 
Dried red material around mouth 
Decreased defecation 


0/0 
0/0 
0/0 


0/0 
0/0 
0/0 


0/0 
0/0 
2/2 


  7/4 
  7/7 
20/12 


FOB parameters- Observations on Day 0, within 3 hours after treatment 
Physiological Observations 
Mean body temperature (°C) 


 
38.4±0.33 


 
38.3±0.32 


 
37.1±0.67** 


 
34.0±0.95** 


Home Cage Observations 


Posture- sitting, head held low 
Convulsions, clonic  
Eyelids not wide open 


 
  0/12** 
  0/12** 
  0/12 


 
  0/12 
  0/12 
  0/12 


 
  0/12 
  0/12 
  0/12 


 
  8/12** 
  4/12* 
  7/12* 


Handling Observations 


Salivation 
 
  0/12** 


 
  0/12 


 
0/12 


 
  7/12** 


Open-field Observations 


Gait, hunched body 
Convulsions, clonic 
Gait, slight but definite 
impairment 


 
  0/12** 
  0/12** 
  0/12** 


 
  0/12 
  0/12 
  0/12 


 
  0/12 
  1/12 
  0/12 


 
11/12** 
  7/12** 
  7/12** 


Neuromuscular Observations 


Rotarod performance  
(seconds, mean) 


 
102.9  


 
101.9 


 
96.1 


 
58.5* 


Motor Activity Assessment 
Total motor activity counts 
Pretest 
Day 0 
(% Day 0 Control) 
(% Pretest) 


 
1038±867 
1059±282 
1059/1059(100%) 
1059/1038(102%) 


 
831±265 
776±446* 
776/1059(73%) 
776/831(93%) 


 
1033±345 
  204±45** 
204/1059(19%) 
204/1033(20%) 


 
855±349 
156±165** 
156/1059(15%) 
156/855(18%) 


Mean ambulatory motor activity counts  
Pretest 
Day 0 
(% Day 0 Control) 
(% Pretest) 


 335±302 
 363±99 
363/363(100%) 
363/335(108%) 


253±112 
248±159* 
248/363(68%) 
248/253(98%) 


347±145 
  57±23** 
57/363(16%) 
57/347(16%) 


283±148 
  18±19** 
18/363(  5%) 
18/283(  6%) 


a/ Data from Schaefer (2002).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance in 3 
trend by the Cochran-Armitage Trend test is denoted at the control value.   4 


b/ # of occurrences/# of affected animals.  First incidents of dried materials and reduced defecation were 1-2 days 5 
after exposure.   6 


 7 
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The following study was conducted to generate data for PBPK modeling of MeI toxicity 1 
in the rat.  Male Sprague-Dawley rats were exposed by whole-body inhalation to MeI (purity 2 
>99.8%; 0, 25, or 100 ppm) using two experimental protocols in a mode of action study 3 
(Himmelstein, 2004).  No deaths resulted from any exposures.  In Experiment #1 (respiratory 4 
function, serum iodide, and hemoglobin adduct), four males per group were exposed to MeI for 5 
one 6-hour exposure period.  The mean breathing frequency, tidal volume, and minute volume 6 
were similar for all three groups.  The breathing frequencies (breaths per minute) were 195.6 ± 7 
30.3, 191.0 ± 25.4, and 191.4 ± 29.3 for 0, 25, and 100 ppm, respectively.  The tidal volumes 8 
were 1.5±0.1, 1.8±0.3, and 1.4±0.2 mL, respectively.  The minute volumes (mL/min) were 223.8 9 
± 24.0, 271.9 ± 25.9, and 209.0 ± 32.9, respectively.  Based on these values and average body 10 
weight (199 g to 211 g) for each group, the breathing rates were 1.53, 1.89, and 1.51 m3/kg/day, 11 
for 0, 25, and 100 ppm, respectively.  Note that these rates are higher than the Medical 12 
Toxicology default factor of 0.96 m3/kg/day for all adult rats.  Using the breathing rates 13 
determined in this experiment, the equivalent exposure concentrations were 0, 67, and 213 14 
mg/kg/day for 0, 25, and 100 ppm, respectively.  The data for serum iodide and adduct are 15 
discussed together with the two day experiment.   16 


 17 
In Experiment #2, rats (3/time point) were exposed to MeI (25 or 100 ppm) for 6 hours per day 18 
for two consecutive days.  From 1 to 48 hours after the initiation of the first exposure, GSH and 19 
iodide were measured in the serum, liver, kidneys, and nasal olfactory and nasal respiratory 20 
epithelium.  Additional animals (10/group) with the exposure were sacrificed at 48 hours post 21 
study initiation to study MeI effect on hematology, clinical chemistry (including thyroid-22 
associated hormone), hemoglobin adduct, and liver UDP-glucuronyltransferase (UDPGT) 23 
activity.  No histopathology was performed in any tissues. 24 
 25 
At 25 ppm MeI, maximal GSH depletion (40 to 50% of control) was measured in the nasal 26 
epithelium, and about 30% in the other tissues, 3 to 6 hours after exposure (Table 8).  For this 27 
time period, 100 ppm exposure caused greater GSH depletion, as the nasal epithelium GSH 28 
levels were only 15% (respiratory epithelium) to 25% (olfactory epithelium) of controls.  The 29 
increase in depletion was only about 10% for the other tissues.  Depletion of the GSH levels in 30 
nasal epithelia was less apparent during the 2nd day of exposure than on the initial exposure, 31 
suggesting some compensatory response.  Serum iodide levels increased with exposure time (1 to 32 
6 hours), and declined immediately after exposure (Table 8).  The level measured 18 hours post 33 
exposure, was less than 10% peak level.  The iodide levels for the 100-ppm group were 2- to 4-34 
fold higher levels than the 25-ppm group.   35 


 36 
There was no treatment-related effect upon the hematology parameters.  In the clinical chemistry 37 
evaluation, significant changes in three enzymes (asparate aminotransferase, AST; sorbital 38 
dehydrogenase, SDH; gamma glutamyltransferase, GGT) and calcium were measured, with no 39 
clear dose response relationship (Table 9).  Dose-related changes were evident with increased 40 
serum cholesterol, as well as high density and low density lipoproteins (HDL and LDL); 41 
decreased triglycerides; increased TSH (thyroid stimulating hormone); and decreased hormone 42 
levels (triiodothyronine, T3; thyroxine, T4; and reverse T3, rT3).  UDPGT activity was 43 
unchanged, suggesting that thyroid hormone reductions were not due to enhanced T4 44 
metabolism.  Methylcysteine globin adducts were significantly increased only at 100 ppm, about 45 
2-fold higher than the control for either 1 or 2 days of exposure.  The adduct levels at 25 ppm 46 
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were similar to controls.  All the experiments in this study were considered supplemental 1 
information to DPR.    2 
 3 
Table 8.  Glutathione and iodide concentrations in tissues of male rats exposed to MeI by 4 


inhalation.a 5 
GSH Concentrations (% of Control) 


Blood Olfactory Epithelium Respiratory Epithelium 
Hours 
after 


25 ppm 100 ppm 25 ppm 100 ppm 25 ppm 100 ppm 
0 (1st dose) 100.0 ± 15.3 100.0 ± 15.3 100.0 ± 21.9  100.0 ± 21.9  100.0 ± 25.7  100.0 ± 12.5 
1 101.7 ±   8.5   89.0 ±   7.0   84.8 ± 30.6   52.4 ± 18.3   90.6 ± 13.0   68.6 ±   3.3 
3   75.6 ±   8.5   62.1 ±   5.7   63.4 ± 10.8   27.6 ±   9.1   48.9 ±   8.0   17.2 ±   2.2 
6   74.7 ± 11.7   81.6 ± 14.7   65.1 ± 14.0   24.2 ±   5.4   52.0 ± 11.4   14.3 ±   3.9 
9   73.8 ± 10.0   83.1 ± 12.5   85.6 ± 21.0   64.1 ± 25.3   86.8 ± 27.3   57.0 ± 18.0 
24(2nd dose) 103.3 ± 13.1 106.3 ± 11.3   86.9 ± 26.8 114.3 ± 36.1 120.0 ± 29.4 157.8 ± 35.6 
25   93.3 ± 16.7   87.2 ± 16.4 102.5 ± 13.7   92.3 ± 10.3   96.6 ± 12.9   93.1 ± 27.0 
27   87.5 ±   9.6   65.3 ±   8.3   63.0 ± 13.5   55.5 ± 18.4   51.2 ± 15.9   54.6 ± 16.6 
30   74.1 ± 19.3   64.2 ±   5.7   57.8 ± 14.3   44.4 ± 14.3   57.1 ± 14.6   43.2 ± 10.9 
33   73.4 ± 15.5   76.2 ± 16.8   69.2 ± 13.4   74.6 ± 21.8   70.8 ± 26.5   77.4 ± 23.8 
48 108.0 ± 16.5 114.7 ± 31.6 125.4 ± 23.0 143.6 ± 39.3   95.5 ± 33.0 129.1 ± 40.1 
 Kidney Liver 
0 (1st dose) 100.0 ± 2.4  100.0 ±   2.4  100.0 ± 12.5  100.0 ± 12.5    
1  89.4 ± 10.0   85.1 ±   9.1   91.7 ± 14.1   90.8 ± 15.8    
3  77.3 ± 13.9   66.3 ±   7.0   65.2 ± 18.2   63.1 ± 18.4 
6  95.6 ± 12.6   58.3 ± 10.9 106.5 ± 16.2   67.9 ± 20.5 
9  91.0 ± 18.5   91.8 ± 10.2   79.2 ± 20.5   53.3 ± 18.0 
24(2nd dose)  95.4 ± 14.4   97.9 ± 13.2 107.7 ± 16.3 117.5 ± 14.5 
25  88.4 ± 10.6   84.6 ± 11.2 112.1 ±   9.4   96.5 ± 39.0 
27  88.0 ±   8.1   71.6 ±   7.0   85.5 ± 19.6   96.5 ± 12.1 
30  77.0 ±   9.8   61.6 ±   8.0   86.1 ± 14.8   69.3 ± 14.2 
33  98.8 ±   9.2   91.8 ± 11.4 108.0 ± 26.9   82.6 ± 20.9 
48  83.6 ± 11.6   96.1 ± 12.8 111.3 ± 23.1 107.9 ± 22.4 


 


 
Mean Inorganic Serum Iodide (ng/mL) Hours 


after  0  ppm 25 ppm 100 ppm 
0 (1st dose) 17 NA        NA 
1 17 5,070 ± 721 22,900 ± 1,620 
3 19    9,510 ± 3,800 60,300 ± 2,860 
6 22 25,600 ± 1,940 53,800 ± 4,480 
9 39 18,400 ± 1,550 52,500 ± 8,230 
24(2nd dose) 19 1,260 ± 83.9   8,170 ± 1,850 
25 14 5,960 ± 576 27,200 ± 13,700 
27 14 10,800 ± 1,100 55,200 ± 3,050 
30      4.1  34,100 ± 8,170 83,200 ± 7,840 
33          13 24,700 ± 1,310 58,300 ± 6,520         
48 14        742 ± 141   4,500 ± 396 


 


a/ Data from Himmelstein (2004).  The animals were exposed to MeI for 6 hours.  Samples were taken during and 6 
after exposures.   7 
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Table 9.  Clinical chemistry in male rats exposed to MeI by inhalation.a 1 
 2 


Doses (ppm) Parameters 
0 25 100 


AST (unit/L) 71 ± 5 68 ± 7#  67 ± 17# 
SDH (unit/L) 14.1 ± 2.3 10.0 ± 1.5# 11.1 ± 5.9# 
GGT (unit/L)   0 ± 0   0 ± 1   1 ± 0# 
Calcium (mg/dL) 10.7 ± 0.2          10.8 ± 0.3 11.0 ± 0.3* 
Cholesterol (mg/dL)   83 ± 10 99 ± 9* 134 ± 24* 
HDL (mg/dL) 30 ± 3 36 ± 3* 44 ± 6* 
LDL (mg/dL) 53 ± 8 63 ± 7*   90 ± 19* 
Triglycerides (mg/dL)   69 ± 11   49 ± 14* 33 ± 8* 
TSH (ng/mL)   5.9 ± 1.4  10.9 ± 7.7#  21.1 ± 11.2# 
T3 (ng/dL)   74.1 ± 11.4          65.9 ± 9.2 50.8 ±14.4# 
T4 (µg/dL)    3.4 ± 0.5 3.1 ± 0.8 2.1 ± 0.9# 
rT3 (mg/mL)   0.067 ± 0.049 0.119 ± 0.024       0.039 ± 0.037 
UDPGT 
(nmol/min/mg) 


16.1 ± 3.1          17.5 ± 2.0         17.8 ± 4.8 


S-Methylcysteine 
(nmol/g globin) 
6 hours x 1 day 
6 hours x 2 day 


       
 


147.5 ± 13.1 
161.2 ± 23.8 


       
 


220.0 ± 21.1 
201.6 ± 34.3 


  
 


281.4 ± 9.0** 
 345.7 ± 50.4** 


a/ Data from Himmelstein (2004).  Clinical values with n=10 (except n=9 for rT3).  *,** for statistical significance 3 
at p<0.05 and <0.01, respectively, by Dunnett/Tamhane-Dunnett test.  # for statistical significance at p<0.05 by 4 
Dunn's test.   5 


 6 
 7 
 8 
 9 
 Crl:CD(SD)IGS-BR rats (5/sex/group) were exposed to MeI (purity 99.8%; reported 10 
analytical concentrations of 581, 710, 797 and 1189 ppm, respectively) for 4 hours by whole-11 
body inhalation exposure (Kirkpatrick, 2000 and 2002a).  The equivalent dosages are: 525, 642, 12 
720, and 1075 mg/kg/day.  Mortalities occurred as follows- males: 0/5, 4/5, 4/5, 5/5, 13 
respectively; females: 0/5, 4/5, 4/5, 5/5, respectively, for low to high doses.  Clinical signs 14 
observed during or after exposure included hypoactivity, unkempt appearance, ataxia, labored 15 
respiration, rales, gasping, dried red or tan material around the mouth and/or nose, mucoid feces, 16 
wet or dried yellow material around urogenital area, decreased defecation, and decreased 17 
urination.  Necropsy on the dead animals revealed distended or reddened stomach and distended 18 
intestine in some animals.  Necropsy on the survivors showed no internal abnormalities.  The 19 
LC50 (M/F) was 3.9 mg/L with the Toxicity Category of IV.  The acute NOEL was < 581 ppm 20 
(< 525 mg/kg/day) for clinical signs and mortality at all doses.  This study was considered 21 
acceptable to DPR according to FIFRA guidelines.  The USEPA established a LC50 at 4 mg/L 22 
for both genders and a Toxicity Category of IV (MRID 45593806; USEPA, 2006a). 23 
 24 
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 Two published studies examined the nasal epithelium damage with MeI exposure (Reed 1 
et al., 1995 and Chamberlain et al., 1998a) (Table 10).  These will be considered in the 2 
discussion of PBPK modeling for nasal toxicity in the rat.  In Reed et al. (1995), male Wistar-3 
derived albino rats were exposed to 0 or 100 ppm MeI by nose-only inhalation for 0.5 to 6 hours 4 
and sacrificed either immediately, or 6 to 24 hours afterward for examination of the nasal tissue.  5 
After 0.5 hour of exposure, the epithelium was described to show undulated appearance.  With 1 6 
hour of exposure, histology showed vacuoles in the sustentacular cell cytoplasm and pyknotic 7 
nuclei in the sensory cells, when the tissue was examined 24 hours later.  Olfactory epithelial 8 
degeneration (OED) was noted as mild after 2 hours of exposure, and increased to moderate (4 9 
hours) and marked (6 hours) with additional exposure duration.  When the olfactory epithelium 10 
for the 3 hour and 6 hour groups was examined 2 weeks after exposure, it appeared to be 11 
completely regenerated, but with small foci of disorganized cells with pseudogland formation 12 
and reduction in apical cytoplasm.  Methyl bromide (200 ppm for 6 hours) treated rats, as the 13 
positive control, showed similar damage to the olfactory epithelium as the 100-ppm (6 hours) 14 
MeI rats.   15 
 16 
 In Chamberlain et al. (1998a), male Alpk:APfsD (Wistar-derived) rats (5 animals/group) 17 
were exposed to 0 or 100 ppm MeI by nose-only inhalation up to 6 hours and sacrificed 18 
immediately after exposure to study the relationship between GSH conjugation and tissue 19 
specific toxicity.  Additional groups were pretreated with phorone and buthionine sulphoximine 20 
(GSH depletor), isopropyl ester of GSH (exogenous GSH), and cobalt protoporphyrin IX 21 
(cytochrome P-450 depletor).  Methyl iodide treatment resulted in the depletion of non-protein 22 
sulfhydryls in tissues examined.  The kidney and the nasal epithelium showed higher rates of 23 
depletion than other tissues.  For kidneys, the GSH level was depleted to 20% of control within 24 
15 minutes of exposure.  The GSH levels in the respiratory and olfactory epithelium were below 25 
the detection limit, and 40% of control, respectively, by 1 hour after exposure.  The GSH 26 
depletion was more gradual in the liver and brain (cerebellum and forebrain), and was 40%, and 27 
70-80% of control, respectively, with 6 hours of exposure.   28 
 29 
When animals were exposed to MeI, degeneration was noted only for the olfactory epithelium, 30 
and not the respiratory epithelium or other tissues (lung, liver, kidney, or brain).  The 31 
degeneration was slight after 2 hours, but increased in severity (marked degeneration with 32 
various degree of exfoliation) after 4 hours of exposures.  Depletion of GSH with phorone and 33 
buthionine sulphoximine resulted in enhanced MeI toxicity.  These animals showed markedly 34 
decreased activity with diarrhea, tremors and convulsions, and some displayed head and paw 35 
flicking, splayed gait and lacrimation.  On the other hand, administration of isopropyl ester of 36 
GSH resulted in reduced severity (from marked to slight) in the damage to the nasal tissue by 37 
MeI.  The depletion of cytochrome P-450 did not lessen the toxicity of MeI.  Based on these 38 
results, the authors proposed that the selectivity of olfactory epithelium for MeI toxicity was due 39 
to extensive GSH depletion and slower GSH turnover rates.  Maintenance of GSH level with the 40 
addition of exogenous GSH had a protective effect.   41 
 42 
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Table 10. Histological examination of rat nasal tissues after exposure to iodomethane 1 
by inhalation.  2 


100 ppm  
(Reed et al., 1995) 


100 ppm 
(Chamberlain et al., 1998a) 


Exposure 
Time 


Killed 0-6 hours  
after exposure 


Killed 24 hours  
after exposure 


Killed immediately after 
exposure 


0.5 hour Not conducted Undulated appearance NP-SH as % of control 
OE                     80% 
lung                   50% 
RE                     40% 


1 hour Not conducted Vacuoles in sustentacular cell 
cytoplasm and pyknotic nuclei in 
sensory cells in OE (Fig 7 in 
report) 


NP-SH as % of control 
OE, RE, lung      40% 
 


2 hours Not conducted Minimal degeneration: 
exfoliation of OE with only the 
basal cell remained intact (Fig. 3, 
5 in report) 


Slight degeneration of OE 


3 hours Killed immediately after 
exposure: 
Vacuoles in sustentacular 
cell cytoplasm, pyknotic 
nuclei in sensory cells in 
OE, undulating appearance 
of OE 


Slight degeneration: tags of 
degenerated cells attached to 
damaged OE (Fig 4 in report) 


Not conducted 


4 hours Not conducted Moderate degeneration of OE Marked degeneration of OE 
6 hours Killed 0 to 6 hours after 


exposure: 
Degeneration of the OE, 
pronounced undulating 
appearance of OE (Fig. 8), 
epithelial necrosis 


Marked degeneration of OE and 
transitional epithelium (Fig. 6 in 
report) 
 


NP-SH lower than for 1 hour 


Abbreviations: OE=olfactory epithelium, NP-SH= non-protein sulfhydryl, RE=respiratory epithelium 3 
 4 
 5 
III.B.3.  Rat – Oral 6 
 7 
 Sprague-Dawley SD rats (5/sex/group) were given MeI (purity 99.7%; 0 to 350 mg/kg) as 8 
a single gavage dose (Bonnette, 2001a).  Mortalities in the males were: 0/5, 0/5, 5/5, 5/5, 5/5, 9 
respectively, for 0, 50, 75, 100, and 250 mg/kg.  Mortalities in the females were: 0/5, 1/5, 4/5, 10 
4/5, 5/5, respectively, for 0, 50, 100, 250, and 350 mg/kg.  At 50 mg/kg, congested breathing was 11 
observed in 2 females and slight fecal staining and dark material around the nose were observed 12 
in 1 male.  At higher doses, clinical signs observed included decreased activity; wobbly gait; 13 
breathing difficulties; prostration; tremors; salivation; piloerection; hunched posture; cool to the 14 
touch; decreased food consumption; irregular stools; urine staining; fecal staining; dark material 15 
around eye(s), nose, and/or mouth; pale skin; and eye problems (partially closed eyelids, dilated 16 
pupils, clear ocular discharge).  Necropsy on the mortalities revealed abnormal contents in the GI 17 
tract, thickened stomach, dark red lungs, and blackish purple liver.  The LD50 for males was 18 
79.84 mg/kg and for females was 131.98 mg/kg, and Toxicity Category II.  The acute NOEL was 19 
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<50 mg/kg based on clinical signs observed in all treated groups.  This study was considered 1 
acceptable to DPR according to FIFRA guidelines.  The LD50 values and Toxicity Category are 2 
the same as those established by the USEPA (MRID 45593803; USEPA, 2006a).   3 
 4 
 Crl:CD(SD)IGS-BR female rats (5/group) were dosed by gavage with 100, 125 or 140 5 
mg/kg of either microencapsulated (ME) MeI (MeI load: 2.35%, dose reported as equivalent MeI 6 
content) or MeI technical (purity 99.7%, Non-ME) in corn oil (Harriman, 2003a).  For the ME 7 
MeI group, 2 died in the 100 mg/kg group and 4 each died in the 125 and 140 mg/kg groups.  For 8 
the Non-ME MeI group, one died in the 125 mg/kg group due to an intubation error and 3 died in 9 
the 140 mg/kg group.  Death occurred from day 1 to day 7 post-dose.  Clinical signs were 10 
observed in all groups and included rales, labored respiration, abnormal excreta, hypothermia, 11 
clear or red material in facial area, hypoactivity and/or dehydration.  These signs were cleared by 12 
day 7 post exposure.  Lower body weight gains were noted for both 140 mg/kg treatment groups.  13 
Necropsy of dead animals showed dark red intestinal contents, reddened stomach mucosa, dark 14 
red areas in the stomach, and white and yellow areas of the liver.  These findings were noted 15 
more frequently for the ME MeI group.  Among the survivors, stomach adhesions were noted for 16 
four animals (3 at 125 mg/kg, and 1 at 140 mg/kg) in the ME MeI group.  The LD50s were 105 17 
mg/kg for ME MeI, and 139 mg/kg for Non-ME MeI.  The acute NOEL for either form of MeI 18 
was <100 mg/kg.  The study was considered supplemental information to DPR.    19 
 20 
III.B.4.  Mouse - Oral  21 
 22 
 CD-1 mice (5/sex/dose) were given MeI (purity 99.7%; 100, 175, 200, 225, and 250 23 
mg/kg) as a single gavage dose (Bonnette, 2001b).  Mortalities occurred as follows- males: 0/5, 24 
2/5, 5/5, 5/5, 5/5, respectively; females: 0/5, 0/5, 1/5, 3/5, 5/5, respectively, for low to high 25 
doses.  Clinical signs were observed at >100 mg/kg and included decreased activity, salivation, 26 
distended abdomen, wobbly gait, breathing difficulties (described as slow, labored, or shallow), 27 
tremors, urine staining, fecal staining, few feces, soft stools, hunched posture, piloerection, rough 28 
coat, eye problems (dilated, eyelids partially closed, or clear discharge), decreased food 29 
consumption, cool to touch, skin blue in color (entire body), and distended abdomen.  Necropsy 30 
on the dead animals showed abnormal contents in the small intestine and stomach with reddened 31 
glandular mucosa.  Necropsy on the survivors revealed thickened nonglandular portion of the 32 
stomach in some animals.  LD50 for males was 155.0 mg/kg and for females was 214.1 mg/kg; 33 
the combined LD50 (M/F) was 179.2 mg/kg with the Toxicity Category II.  The acute NOEL 34 
(M/F) was 100 mg/kg based on clinical signs at 175 mg/kg and higher doses.  This study was 35 
considered acceptable to DPR according to FIFRA guidelines.  The USEPA established the same 36 
LD50s (MRID 45593804; USEPA, 2006a).   37 
 38 
III.B.5.  Rabbit-Dermal 39 
 40 
 The clipped skin of New Zealand White rabbits (5/sex/dose) was exposed to MeI (purity 41 
99.7%; 500 and 2000 mg/kg) for 24 hours using an occlusive dressing (Bonnette, 2001c).  No 42 
mortalities occurred.  Clinical signs in both treated groups included mucoid stools, soft stools, 43 
few feces, small (in size) feces, decreased food consumption, labored breathing, and dark 44 
material around mouth and/or nose.  Erythema (grade 1-3), edema (grade 1-2), desquamation, 45 
and eschar were observed at the test sites.  Signs of skin irritation persisted at Day 14.  Necropsy 46 
revealed no treatment-related internal abnormalities.  The LD50 (M/F) was > 2000 mg/kg and a 47 
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Toxicity Category III.  The acute dermal NOEL was <500 mg/kg for clinical signs.  This study 1 
was considered acceptable to DPR according to FIFRA guidelines.  Same LD50 and Toxicity 2 
Category are established by the USEPA (MRID 45593805; USEPA, 2006a).  3 
 4 
III.B.6.  Rabbit-Subcutaneous 5 
 6 
 In the tissue distribution study by Hasegawa et al. (1971), MeI reduced 7 
phosphatidylserine and phosphatidylcholine, but not phosphatidylethanolamine or 8 
sphingomyelin, in treated rabbits (57 mg/kg by as single subcutaneous injection).  These rabbits 9 
were reported to show abnormal gait.  The blood showed increased turbidity indicating elevated 10 
total lipid in the serum.  Fractional analysis of the lipid showed increased phospholipid, 11 
cholesterol, free fatty acid, estercholesterol and triglyceride.  The β-lipoprotein, not α-12 
lipoprotein, level was also increased.   13 
 14 
 Matsui et al. (1982a) showed that the hyperlipidemia induced by MeI (57 mg/kg by 15 
subcutaneous injection for two days) in rabbits were due to an increased lipid synthesis, and not 16 
reduced clearance of lipid from the plasma.  The increase in triglyceride production was 17 
hypothesized to be a consequence of increased insulin resistance and hyperinsulinemia.  Another 18 
report by Matsui et al. (1982b) showed that MeI-treated rabbits (57 mg/kg by subcutaneous 19 
injection for two days) were resistant to insulin with elevated serum glucose and glucagon levels. 20 
 21 
III.B.7.  Studies with TM-42501  (a combination of MeI and chloropicrin in 98:2 ratio; purity: 22 
MeI = 98.10%, chloropicrin = 2.19%). 23 
 24 
 Hsd: Sprague-Dawley SD rats were given a single gavage dose of TM-42501 (as a 10% 25 
w/v concentration in corn oil for the dose level below 91 mg/kg) using the up and down 26 
procedure: 70 mg/kg (1 female), 91 mg/kg (3 females), 118 mg/kg (1 male, 2 females), 154 27 
mg/kg (2 males, 1 female), 200 mg/kg (2 males, 1 female), and 260 mg/kg (1 male) (Bonnette, 28 
2002a).  Mortalities occurred as follows- males: 0/1, 2/2, 1/2, 1/1, respectively; females: 0/1, 2/3, 29 
2/2, 1/1, 1/1, respectively, for low to high doses.  At the lowest dose tested, the 70 mg/kg female 30 
showed few feces and dark material around eyes.  At higher doses, clinical signs observed 31 
included decreased activity, breathing difficulties (slow, shallow, congested, or labored; 32 
gasping), salivation, cool to the touch, eye problems (partially closed eyelids, dilated pupils, and 33 
ocular discharge), nasal discharge, and no or few feces.  Necropsy on the dead animals showed 34 
abnormal contents in the GI tract and reddened lungs.  Necropsy on the surviving animals 35 
revealed body fat depletion in the 118 mg/kg male, but no abnormalities in the other 3 survivors.  36 
The LD50s were 151 mg/kg for males and 82 mg/kg for females with the Toxicity Category II.  37 
This study was considered acceptable to DPR according to FIFRA guidelines.   38 
 39 
      The clipped skin of Hsd:Sprague-Dawley SD rats (5/sex/dose) was exposed to TM-42501 40 
(2000 mg/kg) for 24 hours using an occlusive dressing (Bonnette, 2002b).  No animals died.  41 
Clinical signs observed included few feces and dark material around eyes, mouth, and/or nose.  42 
Erythema, edema, eschar, and desquamation were observed at the test site in all animals, and 43 
signs of irritation persisted at day 14.  Necropsy revealed no treatment-related internal 44 
abnormalities.  LD50 for both genders was > 2000 mg/kg with a Toxicity Category III.  This 45 
study was considered acceptable to DPR according to FIFRA guidelines.   46 
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 Sprague-Dawley Crl:CD(SD)IGS-BR rats (5/sex/dose) were exposed to TM-42501 by 1 
nose-only exposure for 4 hours (Hilaski, 2002a).  The reported analytical concentrations of 2 
MeI:chloropicrin were 104:3 ppm, 310:7 ppm, 478:11 ppm, 689:40 ppm, and 986:50 ppm.  The 3 
combined concentrations7 were 0.59, 1.75, 2.70, 3.89, and 5.57 mg/L, respectively.  Mortalities 4 
occurred as follows- males: 0/5, 0/5, 2/5, 5/5, 5/5, respectively; females: 0/5, 0/5, 0/5, 3/5, 5/5, 5 
respectively, for low to high doses.  At 104 ppm MeI: 3 ppm chloropicrin, all animals appeared 6 
normal during exposure.  However, clinical signs were reported 2 hours to 6 days post exposure 7 
and included skin cold to touch, rapid breathing, few/absent feces, and vocalization.  At higher 8 
concentrations, clinical signs were reported during and post-exposure.  They appeared in a dose-9 
related manner and included skin cold to touch, no or few feces, soft feces, decreased activity, 10 
hunched posture, abnormal breathing, salivation, red material around nose and/or mouth, 11 
unkempt appearance, hair discolored (yellow), vocalization, and aggressive behavior.  Necropsy 12 
revealed red, discolored lungs in some of the mortalities and in some of the survivors.  The LC50 13 
was 2.85 mg/L for males and 4.13 mg/L for females.  The combined LC50 (M/F) was 3.55 (2.98-14 
4.18) mg/L with a Toxicity Category IV.  This study was considered acceptable to DPR 15 
according to FIFRA guidelines.   16 
 17 
III.B.8.  Studies with TM-42503  (a combination of MeI and chloropicrin in 25:75 ratio; purity: 18 
MeI = 25.15%, chloropicrin = 76.75%). 19 
 20 
 Hsd:Sprague Dawley SD rats were given a single gavage dose of TM-42503 (Wilson, 21 
2002a).  The dose levels (mg/kg) were based on the up and down procedure: 68 (1 males, 3 22 
females), 88 (1 male, 3 females), 114 (1 male, 1 female), 148 (1 male, 1 female), 192 (1 male, 1 23 
female), 250 (2 males, 1 female), 325 (1 male), and 500 (1 male, 1 female).  Mortalities occurred 24 
at > 68 mg/kg and involved one 250 mg/kg female, and all animals in the higher doses.  At the 25 
lowest dose tested, 68 mg/kg, the one male appeared normal while the females showed few or no 26 
feces, urinary stain, and dark material around the mouth and nose.  For animals at higher doses, 27 
clinical signs observed included decreased activity, breathing difficulties (described as slow, 28 
shallow, congested, or labored; rales; gasping), salivation, cool to the touch, hunched posture, 29 
dark material around nose/mouth and/or eyes, partially closed eyelids, rough coat, piloerection, 30 
ocular discharge, nasal discharge, soft feces, and no or few feces.  Necropsy on the dead animals 31 
revealed abnormal contents in the GI tract and reddened lungs.  Surviving animals revealed 32 
thickened non-glandular portion of the stomach in the male and one female at 68 mg/kg, but no 33 
abnormalities in the other 3 survivors.  The LD50s were 119.7 mg/kg for males and 77.4 mg/kg 34 
for females with Toxicity Category II.  This study was considered acceptable to DPR according 35 
to FIFRA guidelines.   36 
 37 
 The clipped skin of Hsd: Sprague Dawley SD rats was exposed to TM-42503 at the 38 
following dose levels (mg/kg): 500 (1 male, 5 females), 1000 (1 male, 1 female), and 2000 (5 39 
males, 5 females) mg/kg for 24 hours using an occlusive dressing (Wilson, 2002b).  Mortalities 40 
occurred as follows- males: 0/1, 0/1, 1/5, respectively; females: 0/5, 0/1, 2/5, respectively, for the 41 
low to high doses.  For all dose groups, clinical signs observed included few feces and dark 42 
material around eyes, mouth, and/or nose.  Prior to death, observed signs also included body cool 43 
to touch and decreased activity.  Erythema, edema, eschar, and desquamation were observed at 44 
the test site in all surviving test animals, with signs of irritation persisted at day 14.  Necropsy on 45 


                                                 
7 Combined concentration in mg/L= ppm iodomethane x 5.65/1000 + ppm chloropicrin x 6.70/1000. 
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the dead animals revealed abnormal contents in the small intestine, reddened mucosa of the 1 
jejunum, and subcutaneous edema at the test site.  Necropsy on the survivors revealed no 2 
treatment-related abnormalities.  The LD50 and Toxicity Category were not determined.  This 3 
study was considered unacceptable and not updegradable to DPR according to FIFRA guidelines 4 
because only 1 female animal was used at 1000 mg/kg despite the fact that 2 animals died at the 5 
2000 mg/kg dose level (the limit dose).   6 
 7 
 Sprague-Dawley Crl:CD(SD)IGS-BR rats (5/sex/dose) were exposed to TM-42503 by 8 
nose-only inhalation exposure for 4 hours (Hilaski, 2002b).  The reported analytical 9 
concentrations as MeI:chloropicrin were 3:20 ppm, 7: 28 ppm, 14:47 ppm, and 23:69 ppm.  The 10 
calculated combined doses were 0.15, 0.22, 0.39, and 0.59 mg/L.  Mortalities were: 0/5, 5/5, 5/5, 11 
5/5 for males, and 0/5, 1/5, 5/5, 5/5 for females, respectively, from low to high doses.  At 3 ppm 12 
MeI: 20 ppm chloropicrin, breathing difficulty was noted for both genders.  At higher 13 
concentrations, clinical signs appeared in a dose-related manner and included tremors, slightly 14 
impaired gait, skin cold to touch, fecal changes, decreased activity, hunched posture, breathing 15 
problems, salivation, red material around nose and/or mouth, unkempt appearance, hair 16 
discolored (red), vocalization, and aggressive behavior.  Necropsy revealed red, discolored lungs 17 
in the mortalities and in 2 surviving males at 0.15 mg/L.  The LC50s were 0.18 mg/L for males 18 
and 0.24 mg/L for females.  The combined LC50 (M/F) was 0.22 mg/L with a Toxicity Category 19 
II.  This study was considered acceptable to DPR according to FIFRA guidelines.   20 
 21 
III.B.9.  Other Studies 22 
 23 
 The following summaries of studies based on translated abstracts and tables submitted by 24 
the registrant (Mézin, 2006).   25 
 26 
Male CD-1 mice (5/group) were given a single dose of MeI (purity not specified; 0, 12.5, 25, 50, 27 
or 100 mg/kg for digestive system study, and an additional dose of 200 mg/kg for central 28 
nervous system study) by gavage.  Charcoal meal was administered 30 minutes after dosing to 29 
assess intestinal transport and stomach emptying.  All 200 mg/kg mice died within 2 hours, with 30 
clinical signs including sedation; decreased activity; prone or supine position; gait problems; 31 
incomplete eyelid opening, hypothermia, and bradypnea.  At 100 mg/kg, all mice survived, but 32 
showed clinical signs.  These changes disappeared within 24 hours after dosing.  Intestinal 33 
transport of charcoal meal was retarded significantly only at 25 to 50 mg/kg.  34 
 35 
Male CD rats (8/group) were given a single dose of MeI (purity not specified; 0, 12.5 to 100 36 
mg/kg) by gavage.  Na+, K+, and Cl- concentrations and volumes of blood and urine were 37 
measured, with the only statistically significant result for an increase in urinary Na+ 38 
concentration at 100 mg/kg.    39 
 40 
Male beagles (3/group) were given a single dose of MeI (purity not specified; 0, 15, 30, or 60 41 
mg/kg) Aintra-duodenally@ prior to assessing respiratory rate; arterial blood measures of pH, 42 
oxygen tension (PaO2), CO2 tension (PaCO2); hemoglobin oxygen saturation (SaO2); blood 43 
pressure; heart rate; and echocardiogram.  Dose-related increase in respiratory rate and decrease 44 
in PaCO2 were measured with statistical significance (p<0.05) at 60 mg/kg.  One 30 mg/kg dog 45 
had a nearly 2-fold increase in breathing over its pre-treatment condition; this was considered a 46 
treatment-related effect. 47 
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III.C.  Subchronic Toxicity 1 
 2 
Summary: Rats exposed to MeI by inhalation showed increased relative liver weight, decreased 3 
body weight gain, and nasal tissue lesions (olfactory epithelial degeneration and respiratory 4 
epithelial metaplasia).  When given by the gavage, MeI treated rats were reported to have 5 
salivation, elevated relative liver weight, reduced body weight, some clinical chemistry 6 
parameter changes, and histological lesions (forestomach hyperplasia and hyperkeratosis, 7 
submandibular gland squamous metaplasia).  After dermal exposure, both local (gross and 8 
histological skin lesions) and systemic effects (wet and yellow urogenital staining, reduced body 9 
weight and food consumption, altered hematology and clinical chemistry parameters) were 10 
reported in rats.  Mice given MeI in microcapsules mixed in the feed showed decreased food 11 
consumption, body weight gain, and thyroid effects (increased organ weight and colloid8).  Dogs 12 
given MeI capsules were observed to show injected sclera and salivation. 13 
 14 
III.C.1.  Rat – Inhalation 15 
 16 
  Crl:CD(SD)IGS-BR rats (20/sex/dose) were exposed to MeI (purity 99.7%; analytical 17 
concentrations of 0, 5, 21, and 70 ppm) by inhalation for 6 hours per day, 5 days per week for 13 18 
weeks (Kirkpatrick, 2002b).  The calculated exposure concentrations were 0.03, 0.12, and 0.40 19 
mg/L, respectively, with equivalent dosages of 5, 20, and 68 mg/kg/day.  Some animals 20 
(10/sex/group) were necropsied after 4 weeks with the remaining animals treated through week 21 
13.  Few treatment-related effects were shown with clinical observations, food consumption, 22 
serum chemistry, and hematology (Tables 8 and 9).  An increase in wet yellow material on the 23 
urogenital area for males and females following exposure at 70 ppm was noted.  Slightly lower 24 
mean food consumption was noted for males at 5, 20, and 70 ppm for study weeks 0 to 1 and 4 to 25 
12.  There was no trend for treated females with values generally similar to those for the controls.  26 
Increased serum cholesterol levels were recorded for males and females at 70 ppm at weeks 4 27 
and 13.   28 
 29 
The mean weekly body weights of the 70 ppm group were lower than the control.  Group mean 30 
body weight gains for the 70 ppm groups were significantly lower (67% of control) than those 31 
for the controls only for the first week (Tables 8 and 9).  For 13 weeks, the mean body weight 32 
gain for that dose was 83-85% of the control.  Significantly higher mean relative liver 33 
weight/body weight ratios were reported at week 4 for 70 ppm females (108% of control), and at 34 
week 13 for 21 ppm females (110% of control) and 70 ppm both genders (115% and 122% of 35 
control).   36 
 37 
Among the organs examined (brain, thyroid, and salivary gland), only the nasal tissue was 38 
affected (Tables 8 and 9).  Olfactory epithelium degeneration (OED)/regeneration and 39 
respiratory epithelial metaplasia (REM) were noted primarily in the 70-ppm groups.  The 40 
degeneration was found in the dorsal meatus and on the dorsal septum and upper turbinates, with 41 
significantly increased incidences for some levels.  Metaplasia was considered a regenerative 42 


                                                 
8 Colloid-proteinaceous material in the luman of the thyroid follicle, and contains several proteins including 
thyroglobulin (a protein when in the combination with iodine forms the mono- or di-units, which are then coupled to 
form the thyroid hormones, T3 and T4). When the gland is active, there may be increased colloid due to enhanced 
thyroid hormone synthesis, or depleted due to increased excretion of thyroid hormones. 
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response following degeneration of the olfactory epithelium.  At 4 and 13 weeks, both types of 1 
lesions were generally graded as minimal to mild.  And at 13 weeks, few OED at Levels IV and 2 
V in the 70-ppm males were described as moderate.  Since there was only a slight increase in 3 
severity but the NOEL remained the same, the OED was considered an acute effect for this risk 4 
assessment with a NOEL of 21 ppm (20 mg/kg/day).  This NOEL will be considered as one of 5 
the critical NOEL for acute toxicity (Section IV.A.1.).   6 
 7 
For other effects, the subchronic NOAEL was 21 ppm (20 mg/kg/day) based on increased liver 8 
weight/body weight ratio and decreased body weight gain.  This study was considered acceptable 9 
to DPR according to FIFRA guidelines.  This NOEL will be considered as one of the critical 10 
NOELs for subchronic toxicity (Section IV.A.2.).     11 
 12 
The USEPA established a NOAEL of 21 ppm based on initial decreases in body weights, body 13 
weight gains, and food consumption (males); and nasal degeneration at 70 ppm (MRID 14 
45593810; USEPA, 2006a).   15 
 16 
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Table 11.  Effects in male rats exposed to MeI by inhalation for 4 and 13 weeks.a 1 
 2 
Effects Doses 


ppm 
mg/kg/day 


0 
0 


5 
5 


21 
20 


70 
68 


Urogenital staining  
(total occurrence/animals) 


0/0 0/0 0/0 5/4 


Food consumption (% decrease) 
Week 0-1 
Week 11-12 


 
0% 
0% 


 
4.5% 
4.2% 


 
4.5% 
8.3% 


 
13.6** 
8.3% 


Cholesterol (mg/dL) 
Weeks 4 and 13 values 


 
44-48 


 
55-50 


 
51-55 


 
68**-75** 


Cumulative group mean body weight changes (g) (% of control) 
Weeks 0-1 
Weeks 0-13 


  43  
234  


  34 (79%)* 
220 (94%) 


  36 (84%) 
212 (91%) 


  29 (67%)** 
199 (85%) 


Group mean relative liver weights/final body weight ratios x 100 (% of control) 
Week 4 
Week 13 


2.903 
2.436 


2.965 
2.513 


2.923 
2.639 


2.991 
2.809 (115%)** 


Nasal microscopic findings- 4 weeks (affected/total animals examined) 
Level II   OED- minimal 
     REM- minimal 


1/10 
0/10** 


0/10 
0/10 


0/10 
0/10 


1/10 
2/10 


Level III  OED- minimal 
                REM- minimal 


0/10** 
0/10 


0/10 
0/10 


0/10 
0/10 


4/10* 
1/10 


Level IV  OED- minimal 
                        - mild 
                REM- minimal 


0/10** 
0/10 
0/10 


0/10 
0/10 
0/10 


0/10 
0/10 
0/10 


4/10* 
1/10 
1/10 


Level V  OED- minimal 
                       - mild 


0/10** 
0/10 


0/10 
0/10 


0/10 
0/10 


9/10** 
1/10 


Level VI OED- minimal 
                       - mild 


0/10** 
0/10 


0/10 
0/10 


0/10 
0/10 


4/10* 
1/10 


Nasal microscopic findings- 13 weeks (affected/total animals examined) 
Level II   OED- minimal 
                REM- minimal 


0/10** 
0/10** 


0/10 
0/10 


0/10 
0/10 


3/10 
2/10 


Level III  OED- minimal 
                        - mild 


0/10** 
0/10** 


0/10 
0/10 


0/10 
0/10 


4/10* 
4/10* 


Level IV  OED- minimal 
                        - mild 
                        - moderate 


0/10** 
0/10** 
0/10 


0/10 
0/10 
0/10 


0/10 
0/10 
0/10 


4/10* 
5/10* 
1/10 


Level V  OED- minimal 
                       - mild 
                       - moderate 


0/10** 
0/10** 
0/10** 


0/10 
0/10 
0/10 


0/10 
0/10 
0/10 


3/10 
2/10 
2/10 


Level VI OED- minimal 
                       - mild 


0/10** 
0/10** 


0/10 
0/10 


0/10 
0/10 


2/10 
2/10 


a/ Data from Kirkpatrick (2002b).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance 3 
in trend by the Cochran-Armitage Trend test is denoted at the control value.   4 
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Table 12.  Effects in female rats exposed to MeI by inhalation for 4 and 13 weeks.a 1 
 2 


Doses Effects 
ppm 


mg/kg/day 
0 
0 


5 
5 


21 
20 


70 
68 


Urogenital staining 
(total occurrence/animals) 


0/0 0/0 2/2 13/6 


Food consumption (% decrease) 
Week 0-1 
Week 11-12 


 
0% 
0% 


 
5.9% 
0% 


 
0% 
0% 


 
5.9% 
5.9% 


Cholesterol (mg/dL) 
Weeks 4 and 13 values 


 
49-70 


 
62-73 


 
62-83 


 
82**-100** 


Cumulative group mean body weight changes (g) (% control) 
Weeks 0-1 
Weeks 0-13 


  24  
101  


  22 (  92%) 
105 (104%) 


  23 (  96%) 
102 (101%) 


  16 (67%)** 
  84 (83%) 


Group mean relative liver weights/final body weight ratios x 100  (% of control) 
Week 4 
Week 13 


3.123 
2.659 


3.032 
2.749 


3.260 
2.952 (110%)* 


3.387 (108%)** 
3.235 (122%)** 


Nasal microscopic findings- 4 weeks (affected/total animals examined) 
Level II   OED- minimal 
                REM- minimal 


0/10** 
0/10** 


0/10 
0/10 


0/10 
1/10 


3/10 
5/10* 


Level III  OED- minimal 0/10** 0/10 1/10 4/10* 
Level IV  OED- minimal 1/10** 0/10 0/10 6/10* 
Level V   OED- minimal 0/10** 0/10 0/10 7/10** 
Level VI  OED- mild 0/10 0/10 0/10 1/10 
Nasal microscopic findings- 13 weeks (affected/total animals examined) 
Level II   OED- minimal 
                REM- mild 


0/10** 
0/10 


0/10 
0/10 


0/10 
0/10 


3/10 
1/10 


Level III  OED- minimal 
                        - mild 


0/10** 
0/10 


0/10 
0/10 


0/10 
0/10 


6/10** 
1/10 


Level IV  OED- minimal 
                         - mild 


0/10** 
0/10** 


0/10 
0/10 


1/10 
0/10 


5/10* 
4/10* 


Level V   OED- minimal 
                       - mild 


0/10** 
0/10** 


0/10 
0/10 


1/10 
0/10 


5/10* 
2/10 


Level VI  OED- minimal 
                       - mild 


0/10 
0/10** 


0/10 
0/10 


0/10 
0/10 


1/10 
2/10 


a/ Data from Kirkpatrick (2002b).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance 3 
in trend by the Cochran-Armitage Trend test is denoted at the control value.   4 


 5 
 6 
 7 
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III.C.2.  Rat -Oral 1 
 2 
 Crj: SD (SD) IGS rats (10/sex/group) were given MeI (99.9% purity; 0, 5, 10, 25, or 50 3 
mg/kg/day) by gavage daily for 13 weeks (Nishimura, 2002).  Additional groups (10/sex) were 4 
dosed at 0, 25, or 50 mg/kg/day also for 13 weeks; but they were followed for 4 weeks afterward 5 
(recovery period).  No treatment-related effects were observed for the following: food 6 
consumption, spontaneous motor activity, grip strength, sensorimotor reactions to auditory or 7 
visual stimuli, proprioceptive reaction, ophthalmology, urinalysis parameters, and hematology.  8 
Four 50-mg/kg/day females died on study days 81 and 86; they showed decreased activity, traces 9 
of reddish rhinorrhea, and urine staining prior to death.   10 
 11 
Salivation was the most common clinical sign.  With the exception of one 25 mg/kg/day female, 12 
signs of salivation were reported only at the 2-hours post-dosing period (other observation times 13 
were pre-dose, immediately after dosing, and 3 to 4 hours after dosing) (Table 13).  Nearly all 14 
25- and 50-mg/kg/day rats, and about half of 10 mg/kg/day rats were affected sporadically 15 
throughout the study.  Salivation signs were first observed in high dose rats on days 4 (males) or 16 
3 (females), with signs beginning to emerge in the two intermediate-dose groups by 1 week.  17 
None was observed during the recovery period. 18 
 19 
Only the 50-mg/kg/day males showed a statistically significant decrease in body weight from 20 
week 1 to the end of the study (Table 13).  However, their body weights after the recovery phase 21 
were not different than the control.  Of the organs weighed, only the relative liver weight was 22 
significantly elevated in the 25 mg/kg/day (females only) and 50 mg/kg/day groups after the 23 
treatment phase (Table 13).    24 
 25 
Some clinical chemistry parameters were affected by treatment (Table 13).  These included 26 
statistically significant elevated alkaline phosphatase, albumin, and phospholipids for the 50 27 
mg/kg/day males, as well as increased bilirubin, total protein, calcium, and sodium levels in the 28 
25 and 50 mg/kg/day males.  However, after the recovery phase, all values were similar to those 29 
for the concurrent control.  For the females, the significant findings were increased sodium level, 30 
as well as α2- and β-globulin levels at the end of treatment phase.  At recovery, α2-globulin 31 
remained elevated, while total protein and albumin levels were significantly reduced.   32 
 33 
Gross examination found low incidences (involving 1 or 2 animals) of pathology in the liver and 34 
stomach.  Histological examination showed lesions in the 25 and 50 mg/kg/day groups.  They 35 
included: liver (hepatocyte necrosis, 50 mg/kg/day only), forestomach (hyperkeratosis, 36 
hyperplasia, and submucosal edema), glandular stomach (edema, 50 mg/kg/day females only), 37 
and submandibular gland (squamous metaplasia and decreased granulation) in the 25 and 50 38 
mg/kg/day groups (Table 14).  Rats in the recovery group showed significant recovery as the 39 
only lesion detected was very slight forestomach hyperplasia and hyperkeratosis in one female.   40 
 41 
The subchronic NOEL was 5 mg/kg/day, based on hyperkeratosis and hyperplasia in the 42 
forestomach and submandibular gland ductal squamous metaplasia at 10 mg/kg/day.  This study 43 
was considered acceptable to DPR under FIFRA guidelines. 44 
 45 
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Table 13.  Effects of MeI in rats exposed by gavage for 13 weeks.a 1 
 2 


Doses (mg/kg/day) 
Males Females 


Effects 


0 5 10 25 50 0 5 10 25 50 
Salivation (2 hours post dose observation, number of animals affected during the study) 
Incidence 
First sign observed 


0/20 
NA 


0/10 
NA 


5/10 
day 7


18/20 
day 8 


20/20 
day 4 


0/20 
NA 


0/10 
NA 


4/10 
day 10 


19/20 
day 6 


19/20 
day 3 


Body Weight (g) 
 Week 0 195 197 196 193 193 157 158 156 157 156 
 Week 1 


 
248 


 
248 


 
249 


 
243 


 
233** 


 
179 


 
179 


 
178 


 
183 


 
177 


 Week 5 
 
438 


 
437 


 
431 


 
417 


 
402** 


 
267 


 
261 


 
258 


 
265 


 
256 


 Week 13                               
 
582 


 
587 


 
582 


 
555 


 
534** 


 
320 


 
318 


 
315 


 
317 


 
306 


Relative Liver Weights (% body weight) 
 End of treatment 2.88 2.84 2.95 3.07 3.36** 2.51 2.51 2.62 2.84** 3.19**  
Clinical Chemistry (Treatment phase)  
 Alkaline phosphatase 
(IU/L)  


 
247 


 
311 


 
328 


 
352 


 
438** 


 
168 


 
133 


 
124* 


 
174 


 
188 


 
 Total bilirubin (μg/dL) 


 
39 


 
52 


 
67 


 
54* 


 
67** 


 
63 


 
61 


 
54 


 
63 


 
64  


 Total protein (g/dL) 
 
5.59 


 
5.53


 
5.59 


 
5.96* 


 
5.99* 


 
6.26 


 
6.28 


 
6.48 


 
6.33 


 
5.99  


 Albumin (g/dL) 
 
4.14 


 
4.09


 
4.02 


 
4.42 


 
4.47* 


 
4.90 


 
5.12 


 
5.22 


 
4.94 


 
4.51  


 Phospholipid (mg/dL) 
 
108 


 
112 


 
114 


 
123 


 
132* 


 
142 


 
143 


 
151 


 
143 


 
149  


 Calcium (mg/dL) 
 
9.41 


 
9.23


 
9.43 


 
9.78* 


 
9.84* 


 
9.73 


 
9.64 


 
9.75 


 
9.76 


 
9.63  


 Sodium (mEq/L) 
 
141 


 
140 


 
142 


 
146* 


 
146* 


 
143 


 
143 


 
144 


 
145* 


 
145  


 α2-globulin (% of protein) 
 
8.84 


 
8.82


 
9.51 


 
9.19 


 
9.66 


 
6.45 


 
6.45 


 
6.21 


 
6.54 


 
8.69*  


 β-globulin (% of protein) 
 
13.9 


 
14.3


 
14.2 


 
14.5 


 
15.1 


 
12.7 


 
12.7 


 
12.2 


 
13.9 


 
14.8**  


Clinical chemistry (Recovery phase)  
 Total protein (g/dL) 


 
6.00 


 
- 


 
- 


 
5.97 


 
6.12 


 
6.59 


 
- 


 
- 


 
6.19 


 
6.08*  


 Albumin (g/dL) 
 
4.35 


 
- 


 
- 


 
4.38 


 
4.55 


 
5.25 


 
- 


 
- 


 
4.79 


 
4.74*  


 α2-globulin (% of protein) 
 
7.05 


 
- 


 
- 


 
6.89 


 
7.17 


 
6.03 


 
- 


 
- 


 
6.39 


 
6.96** 


a/ Nishimura (2002).  *, ** for statistical significance at p < 0.05 and < 0.01, respectively based on analysis by 3 
investigators.  "-" =no data because dose groups were not included in recovery phase study. 4 


 5 
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Table 14.  Histopathology in survivor rats exposed to MeI by gavage for 13 weeks.a 1 
 2  


Doses (mg/kg/day)  
Males 


 
Females 


 
Effects 


 
0 


 
5 


 
10 


 
25 


 
50 


 
0 


 
5 


 
10 


 
25 


 
50  


Terminal Survivors (N =) 
 


(10) 
 
(10)


 
(10)


 
(10) 


 
(10) 


 
(10)


 
(10) 


 
(10) 


 
(10)


 
(7)b 


 
Liver hepatocyte necrosis, focal  
  Grades 1 and 2, total affected  


 
 


0 


 
 


1 


 
 


1 


 
 


1 


 
 


4 


 
 


0 


 
 


0 


 
 


0 


 
 


0 


 
 


1  
 Forestomach   
 Hyperkeratosis 
   Grades 1 and 2, total affected  
 Hyperplasia 
   Grades 1 and 2, total affected 
 Edema, submucosal, (Grade 1) 


 
 


0 
 


0 
0 


 
 


0 
 


0 
0 


 
 


3 
 


3 
0 


 
 


8** 
 


7** 
0 


 
 


10** 
 


10** 
0 


 
 


0 
 


0 
0 


 
 


0 
 


0 
0 


 
 


0 
 


0 
0 


 
 


6* 
 


6* 
1 


 
 


7** 
 


7** 
4*  


Glandular stomach 
  Edema, submucosal, (Grade 1) 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
2 


 
Submandibular gland 
 Squamous metaplasia, ductal 
  Grades 1 and 2, total rats affected  


 
0 


 
0 


 
1 


 
10** 


 
10** 


 
0 


 
0 


 
2 


 
10**


 
7** 


Decreased granulation, granular 
duct 
  Grades 1 and 2, total rats affected  


 
 
0 


 
 
0 


 
 
0 


 
 
2 


 
 
5* 


 
 
0 


 
 
0 


 
 
0 


 
 
1 


 
 
4* 


a/ Nishimura (2002).  *, ** for statistical significance at p < 0.05 and < 0.01, respectively based on analysis by 3 
investigators.   4 
b/ Tissues were autolyzed in 3 animals that died prematurely.   5 


 6 
 7 


 8 
III.C.3.  Rat - Dermal 9 
 10 
 Crl:CD(SD)IGS-BR rats (10/sex/group) were exposed to MeI (purity 99.7%; 0, 30, 300, 11 
or 1000 mg/kg/day) applied on clipped intact mid-dorsal skin (about 20% of total body surface 12 
area) and then covered with gauze and taped with plastic wrap for 6 hours per day over 21 13 
consecutive days (Morris, 2002).  All females survived to termination, but 4 males died or were 14 
humanely sacrificed prior to term with 3 deaths attributed to treatment.   15 
 16 
Topical effect at 30 mg/kg/day was Avery slight@ erythema with desquamation in some animals 17 
(Table 15).  The investigators considered the low dose results treatment-related.  Almost all 18 
animals in the 300- and 1000-mg/kg/day groups showed severe grades of skin responses such as 19 
erythema, edema, and eschar; and other skin damage.  Ulceration was noted only for two 1000 20 
mg/kg/day males. 21 
 22 
Several systemic effects were reported at both 300- and 1000-mg/kg/day groups: clinical signs, 23 
body weight, and food consumption (Table 16).  Wet and yellow urogenital staining was noted 24 
with the 300 and 1000-mg/kg/day females, but not the males.  Body weights and food 25 







Draft – Do not cite or quote –draft MeI RCD Vol. I- March 9, 2009 


 44


consumption were reduced at 300 and 1000-mg/kg/day, with statistical significance mainly for 1 
the males.  In addition, hematology parameters were significantly altered by treatment in both 2 
300 and 1000 mg/kg/day males and females (Data not shown in Table).  They included: reduced 3 
RBC, hemoglobin, hematocrit, and lymphocytes; and increased platelet and neutrophils.  Clinical 4 
chemistry parameters were also affected: decreased albumin, A/G ratio (albumin/globulin ratio), 5 
and creatinine (females only); and increased globulin, blood urea nitrogen (BUN), alkaline 6 
phosphatase, alanine aminotransferase (ALT), AST, glutamyl transferase, cholesterol, and 7 
chloride. 8 
 9 
Histological changes were also observed with the 300 and 1000 mg/kg/day groups, with higher 10 
frequency and/or severity at 1000 mg/kg/day (Table 17).  They included the skin and other 11 
organs (adrenal cortex cytoplasmic vacuolation, sternal marrow hypercellularity, liver and spleen 12 
extramedullary hematopoiesis, and thymus lymphoid necrosis).  The severity was mainly 13 
minimal with few incidences noted as severe. 14 
 15 
The NOEL for local effects was <30 mg/kg/day (lowest dose tested).  The systemic NOEL was 16 
30 mg/kg/day for multiple effects observed at 300 mg/kg/day.  This study was considered 17 
acceptable to DPR according to FIFRA guidelines.   18 
 19 
Table 15.  Local skin effects in rats exposed to MeI dermally for 21 days.a  20 
 21  


Doses (mg/kg/day)  
Males 


 
Females 


 
Effects  
(Total animals 
affected)  


0 
 


30 
 


300 
 


1000 
 


0 
 


30 
 


300 
 


1000  
Erythema  


 
0 


 
2 


 
10HH 


 
9HH 


 
0 


 
5 


 
10HH 


 
10HH  


Edema 
 


0 
 


0 
 


10HH 
 


9HH 
 


0 
 


0 
 


10HH 
 


10HH  
Fissuring 


 
0 


 
0 


 
7** 


 
7** 


 
0 


 
0 


 
7** 


 
10**  


Desquamation 
 


3 
 


7 
 


10** 
 


9** 
 


3 
 


7 
 


10** 
 


10**  
Eschar 


 
0 


 
0 


 
10** 


 
9** 


 
0 


 
0 


 
10** 


 
10**  


Exfoliation 
 


0 
 


0 
 


10** 
 


9** 
 


0 
 


0 
 


10** 
 


10**  
Atonia 


 
0 


 
0 


 
9** 


 
9** 


 
0 


 
0 


 
9** 


 
10**  


Coriaceousness 
 


0 
 


0 
 


4* 
 


5* 
 


0 
 


0 
 


8** 
 


10**  
Ulceration 


 
0 


 
0 


 
0 


 
2 


 
0 


 
0 


 
0 


 
0 


a/ Data from Morris (2002).  Total animals observed = 10.  H, HH for statistical significance at p < 0.05 and < 0.01, 22 
respectively (Mann-Whitney) (Analysis by DPR Reviewer).  *, ** for statistical significance at p < 0.05 and < 23 
0.01, respectively (Analysis by DPR Reviewer using Fisher=s exact test).   24 


 25 
 26 
 27 
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Table 16.  Systemic effects in rats exposed to MeI dermally for 21 days.a 1 
 2 


Doses (mg/kg/day) 
Males Females 


Effects 
 


0 
 


30 
 


300 
 


1000 
 


0 
 


30 
 


300 
 


1000 
Urogenital staining (affected/total examined) 
Wet and yellow 0/10 0/10 0/10 0/10 0/10 0/10 2/10 5/10 
Body weight (g) 
Week 0 
Week 1 
Week 3 


290 
305 
346 


290 
307 
344 


290 
282* 
288* 


289 
271* 
280** 


205 
219 
240 


204 
219 
237 


204 
214 
230 


205 
208 
231 


Food consumption (g/rat/day) 
Week 0-1 
Week 1-2 
Week 2-3 


24 
25 
26 


23 
25 
25 


22** 
22** 
23** 


19** 
24 
22** 


20 
21 
20 


19 
21 
20 


18 
21 
21 


17** 
21 
22 


a/ Data from Morris (2002).*, **, for statistical significance at p < 0.05 and < 0.01, respectively (analysis by 3 
investigators).   4 


 5 
 6 
 7 
 8 
Table 17.  Histopathology of terminal survivor rats exposed to MeI dermally for 21 days.a 9 
 10 


Doses (mg/kg/day) 
Males Females 


Effect  
(Total animals affected) 


0 30 300 1000 0 30 300 1000 
Skin 
  exfoliation 0 3 8** 7** 0 0 10** 10** 
  epithelial hyperplasia 6 6 9** 7** 0 3 10** 10** 
  inflammation 0 1 9** 7** 0 1 10** 10** 
  necrosis 1 2 9** 7** 0 0   9** 10** 
  edema 0 0 2 6** 0 0   6*   8** 
Adrenal cortex, vacuolation, 
cytoplasmic 


0 0 1 6** 0 0   0   5 


Bone marrow, sternum, 
hypercellular 


1 0 7* 7** 0 0   4   6* 


Liver, extramedullary 
hematopoiesis, minimal 


0 0 1 2 0 1   6** 10** 


Spleen, extramedullary 
hematopoiesis 


0 0 1 6** 0 1   9** 10** 


Thymus, lymphoid necrosis 0 0 8** 7** 0 0   9** 10** 
a/ Data from Morris (2002).  Total animals examined=10 for all groups, except for n=9 for 300 ppm males and 7 for 11 


1000 ppm males.  *,**, for statistical significance at  p < 0.05 and < 0.01, respectively (analysis by DPR 12 
Reviewer using Mann-Whitney test).   13 


 14 
 15 
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III.C.4.  Mouse -Oral 1 
 2 
 In a range finding study, Crl:CD-1(ICR)-BR mice (10/sex/group) received 0, 62.5, 250 or 3 
1000 ppm of microencapsulated MeI (2.2% active ingredient; 0, 11.3, 43.2, 154.0 mg/kg/day for 4 
males; 0, 13.5, 53.1, 168.0 mg/kg/day for females) in the diet for 3 weeks (21 or 22 days) 5 
(Harriman, 2003b).  No treatment-related mortality, clinical observations, or gross examination 6 
changes were reported in the study.  The mean body weights for the 1000-ppm groups were 7 
significantly lower than that of the controls over the course of the study (Table 18).  This 8 
difference was primarily due to significantly lower mean body weight gain at 250 ppm and 1000 9 
ppm, compared to the control, during the first week of the study.  Mean food consumption of the 10 
1000 ppm groups was reduced for all weeks (Table 18).  The mean absolute kidney, heart, and 11 
spleen weights of the 1000 ppm groups and the mean ovarian weight of these females were lower 12 
than those of the controls (Table 18).  However, their relative mean weights (to body weight) 13 
were not affected.  The relative mean weights of the brain of 1000 ppm groups were significantly 14 
greater than those of the control (Table 18).  Other organ weights (including thyroid) were not 15 
affected.  The NOEL was 62.5 ppm (11.3 mg/kg/day) based upon reduced body weight gain of 16 
the 250-ppm males.  This study was considered supplemental information to DPR. 17 
 18 
Table 18.  Effects in mice exposed to microencapsulated MeI in the diet for 3 weeks in a 19 


range finding study.a 20 
 21 


Doses  
Males Females 


0 62.5 250 1000 0 62.5 250 1000 


Effects 
 
              ppm 
   mg/kg/day 0   11.3        43.2         154.0 0 13.5         53.1         168.0 
Mean body weights (g) 
Day 0 
Day 6 
Day 14 
Day 20 


27.0 
28.9 
29.8 
30.0 


27.3 
28.7 
29.5 
29.8 


27.4 
28.3 
28.8 
29.4 


27.4 
26.2** 
26.4** 
26.7** 


22.5 
24.6 
25.6 
26.2 


22.3 
24.5 
25.1 
26.3 


22.3 
24.2 
24.8 
25.2 


22.4 
21.5** 
22.0** 
22.6** 


Mean body weight changes (g) 
Day 0 to 6 
Day 6 to 14 
Day 14 to 20 


1.9 
0.8 
0.3 


1.4 
0.8 
0.3 


1.0* 
0.5 
0.6 


-1.3** 
0.2 
0.4 


2.0 
1.1 
0.5 


2.2 
0.6 
1.2* 


1.8 
0.6 
0.5 


-0.9** 
0.4 
0.7 


Mean food consumption (g/animal/week) 
Day 0 to 6 
Day 6 to 14 
Day 14 to 20 


5.1 
5.1 
5.1 


5.0 
5.4 
5.4 


4.8 
5.0 
5.0 


3.6** 
4.2** 
4.5 


5.2 
5.5 
5.6 


5.1 
5.4 
5.6 


5.0 
5.2 
5.2 


3.2** 
3.8** 
4.1** 


Organ weights on Day 20 (Absolute weight g, and relative to body weight g/100g) 
Brain     Abs. 
        Relative 


0.463 
1.505 


0.470 
1.521 


0.467 
1.543 


0.469 
1.682** 


0.496 
1.857 


0.485 
1.828 


0.486 
1.900 


0.481 
2.069** 


Kidney  Abs. 0.543 0.571 0.554 0.457* 0.410 0.401 0.406 0.361* 
Heart     Abs. 0.160 0.166 0.165 0.144* 0.153 0.150 0.143 0.129** 
Spleen   Abs. 0.089 0.087 0.097 0.074 0.114 0.116 0.102 0.081** 
Ovaries  Abs. NA NA NA NA 0.030 0.027 0.026 0.023* 
a/ Data from Harriman (2003b).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Abs=absolute 22 
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 Crl:CD-1(ICR)-BR mice (10/sex/group) received 0, 133, 400 or 1200 ppm of 1 
microencapsulated MeI (active ingredient ranged from 2.32 to 3.81%; 0, 23.6, 65.3, 212.0 2 
mg/kg/day for males and 26.8, 79.2, 221.6 mg/kg/day for females) in the diet for 13 weeks 3 
(Harriman, 2003c).  One male and one female in the 1200-ppm group died on days 60 and 7, 4 
respectively.  The mean body weight gain of both genders in the 1200-ppm was reduced 5 
(p<0.01) during the first week of the study with no apparent treatment effect thereafter.  Mean 6 
food consumption was likewise reduced during the first week for the 1200 ppm group, indicating 7 
a possible palatability problem.  The high dose animals demonstrated increased incidence of 8 
reduced defecation (male 0 ppm: 0 incidence versus 1200 ppm: 22 times for 6 animals, females 0 9 
ppm: 0 incidence versus 1200 ppm: 25 times for 7 animals).  No other treatment-related clinical 10 
signs were reported.   11 
 12 
No treatment-related effects were noted in the hematology, clinical chemistry, ophthalmology 13 
and urinalysis.  The mean absolute kidney weight for the 1200 ppm males and the mean absolute 14 
adrenal and ovary weights for the 1200 ppm females were lower than those of the control (Table 15 
19).  However, the mean relative weights for these organs were not statistically different from 16 
those of the control.  The mean absolute and relative thyroid weights in all treated groups were 17 
greater than those for the controls with statistical significance reported only for the males.  The 18 
lack of statistical significance for the female groups was attributed to larger standard deviations 19 
in the values.   20 
 21 
Histopathology examination showed increased incidences of lesions in the thyroid, femur 22 
marrow, Harderian gland, and esophagus (Table 19).  Other tissues (including nasal cavity, 23 
salivary gland, and brain) were normal.  For the thyroid, increased colloid was noted for all 24 
treated groups with increasing incidences and severity (minimal to mild).  Myeloid hyperplasia 25 
in the femur, and porphyrin pigments in the Harderian gland were found in the 1200-ppm 26 
groups, the only treatment group examined.  The esophagus of treated groups showed minimal 27 
hyperkeratosis.  The subchronic NOEL for both genders was < 133 ppm (males 23.6 mg/kg/day, 28 
females 26.8 mg/kg/day) based upon increased colloid in the thyroid gland, and hyperkeratosis in 29 
the esophagus at 133 ppm.  This study was considered acceptable to DPR according to FIFRA 30 
guidelines.   31 
 32 
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Table 19.  Organ weights and histological lesions in mice exposed to microencapsulated 1 
MeI in the diet for 13 weeks.a 2 


 3 
Doses Effects 


      0     133      400    1200 ppm 
Males                                                           0                      23.6                          65.3                 212.0 mg/kg/day 
Mean absolute (g) and relative organ weight 
Kidneys  Absolute 0.617 0.587 0.572 0.498** 
Adrenal Glands Absolute 0.0062 0.0054 0.0051 0.0049 
Thyroid- Absolute (% Control) 
              
 
             - Relative (% Control) 


0.0056 
"0.0011 
 
0.016 
"0.0026 


0.0075** 
"0.0012 (134%) 
 
0.022** 
"0.0033 (138%) 


0.0079** 
"0.00157 (141%) 
 
0.024**  
"0.0042 (150%) 


0.0075* 
"0.00143 (134%) 
 
0.025** 
"0.0044 (156%) 


Histopathological lesions 
Thyroid-Increased colloid 
 -Minimal 
 -Mild 


 
1/9* 
0/9 


 
3/10 
5/10 


 
7/10* 
2/10 


 
6/9* 
2/9 


Marrow, femur-Myeloid hyperplasia 0/10 NE NE 0/9 
Harderian Gland, porphyrin pigment 
 -Minimal 
 -Mild 


 
1/10 
0/10 


 
NE 


 
NE 


 
2/9 
0/9 


Esophagus- Hyperkeratosis 
 -Minimal 
 -Mild 


 
0/10** 
0/10 


 
1/10 
0/10 


 
7/10** 
0/10 


 
8/9** 
1/9 


Females                                                   0                         26.8                       79.2                        221.6 mg/kg/day 
Mean absolute (g) and relative organ weights 
Kidneys   Absolute 0.377 0.396 0.382 0.351 
Adrenal Glands  Absolute 0.0111 0.0110 0.0087 0.0086* 
Thyroid- Absolute (% Control) 
 
              
            - Relative (% Control) 


0.0049 
"0.00093 
 
0.018 
"0.0035 


0.0116 
"0.0162 (237%) 
 
0.043 
"0.0615 (239%) 


0.0076 
"0.0017(155%) 
 
0.029 
"0.0069(161%) 


0.0076 
"0.00223 (155%) 
 
0.030 
"0.0095 (167%) 


Ovaries Absolute 0.0333 0.0344 0.0299 0.0256* 
Histopathological lesions 
Thyroid-Increased colloid 
 -Minimal 
 -Mild 


 
1/10* 
0/10 


 
5/10 
4/10* 


 
8/10** 
1/10 


 
6/9* 
3/9 


Marrow, femur-Myeloid hyperplasia 0/10 NE NE 2/9 
Harderian Gland, porphyrin pigment 
 -Minimal 
 -Mild 


 
1/10 
0/10 


 
NE 
NE 


 
NE 
NE 


 
4/9 
1/9 


Esophagus- Hyperkeratosis 
 -Minimal 


 
0/10** 


 
2/10 


 
7/10** 


 
7/9** 


a/ Data from Harriman (2003c).  NE=not examined.  *, ** for statistical significance at p<0.05 and <0.01, 4 
respectively.  Significance in trend by the Cochran-Armitage Trend test is denoted at the control value.   5 


 6 
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III.C.5.  Dog -Oral 1 
 2 
 In a range-finding study for the 13-week subchronic toxicity study, two groups of beagle 3 
dogs (2/sex/group) were dosed with MeI (purity 99.7%) in capsules according to the following 4 
regimen: 5 days at 3 mg/kg/day, 2 days of non-dosing, 2 days at 30 mg/kg/day, one day of non-5 
dosing, 1 day of 15 mg/kg, 5 days of non-dosing and 5 days of 7.5 mg/kg/day (Mertens, 2002).  6 
Group I was offered feed only for two hours before dosing.  Group II was offered food at least 7 
three hours after dosing and ad libitum until the time of dosing the next day.  The report noted 8 
that the feed was found in the stomachs of both groups, in spite of the feeding protocol.    9 
 10 
No treatment-related effect for the 15-mg/kg/day group was reported.  At 30 mg/kg/day, body 11 
weight and food consumption decreased for 6/8 animals with all of the animals in Group I being 12 
affected.  Emesis and decreased defecation were noted for this group.  Clinical signs resulting 13 
from the 7.5 mg/kg/day treatment were infrequent occurrence of emesis and mucoid feces 14 
containing red material.  Compared to the controls, increased incidences of injected sclera 15 
(bloodshot eyes, dilatation of the blood vessels in the eyes) affecting both eyes were noted for 16 
Group I animals at the 2-hour post dosing, as well as during the non-dosing days, compared to 17 
pre-dosing period.  On the other hand, Group II animals were less affected, with occasional 18 
single incidence involving one dog.  The author of the study suggested that this was a 19 
pharmacological effect rather than a toxicological effect but no explanation was given.  It is 20 
unknown why there was a difference in response for the endpoint for the two groups.  No 21 
treatment-related lesions were noted in the necropsy examination.  A NOEL was not established 22 
due to the lack of a control group and use of different doses for different time periods.  This 23 
study was considered supplemental information to DPR.    24 
 25 
 In the definitive study, beagle dogs (4/sex/group) were dosed orally with MeI (purity 26 
99.7%; 0, 1.5, 6 or 15 mg/kg/day) in capsules for 7 days per week for 13 weeks (Harriman, 27 
2003d).  The animals were observed twice daily, as well as prior to and two hours after each 28 
dosing.  Weekly physical examinations were also conducted on all animals, beginning one week 29 
before dosing to before the scheduled sacrifice.  One male in the 15-mg/kg/day group was 30 
euthanized in extremis on day 48, exhibiting signs of emaciation, emesis, dehydration, and 31 
limited food consumption.  For the survivors, there was no treatment-related effect upon body 32 
weight or food consumption.   33 
 34 
Clinical signs included injected sclera of the eye and wet material around mouth at 1.5 35 
mg/kg/day, with drooling, emesis, and head shaking at higher doses (Table 20).  The excessive 36 
drooling and material around the mouth were considered indication of increased salivation.  37 
Overall, the data showed increased incidences and number of animals involved with increasing 38 
dose, but there was variability for the time of onset and incidences between animals within each 39 
dose group.  The interpretation of the dose-response relationship was complicated by no change 40 
or paradoxical reduction in the number of incidences 2-hours after dosing compared to prior to 41 
dosing for these signs.  For example, the total incidence/animal affected for injected sclera in the 42 
left eye of 1.5 mg/kg/day males was 5/1 prior to, and 5/2 at 2 hours after dosing.  However, in 43 
the 6.0 mg/kg/day male group, they were 10/3 prior to, and 3/3 after dosing at 6.0 mg/kg/day.  44 
The authors attributed the finding of injected sclera to treatment but did not consider it as an 45 
adverse effect since ophthalmic examination showed no treatment-related findings.   46 
 47 
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There were no treatment-related effects on the hematology or urinalysis.  For serum chemistry, 1 
the mean albumin serum concentrations of the 15 mg/kg/day males and females at 6 and 12 2 
weeks and the 6-mg/kg/day females at 12 weeks were less than those of the controls (Table 20).  3 
The total protein concentrations in the serum were likewise affected in these groups (Table 20).  4 
These two parameters were also decreased for the males, but were not statistically significant.  5 
Serum hormone analysis (TSH, T3, and T4) and organ weights did not show any treatment-6 
related effect.   7 
 8 
Histopathological evaluation showed increased incidence (3 of 4 animals) of minimal 9 
degeneration of the olfactory epithelium in the nasal level IV section of the 6 and 15 mg/kg/day 10 
females but not in males (Table 20).  Other organs (including brain, salivary gland, and thyroid) 11 
were found to be normal.  The NOEL was < 1.5 mg/kg/day for males and 1.5 mg/kg/day for 12 
females for injected sclera and salivation.  The study was considered acceptable to DPR 13 
according to FIFRA guidelines.   14 


 15 
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Table 20.  Effects in dogs exposed to MeI capsules via the oral route for 13 weeks.a 1 
 2 


Doses (mg/kg/day) Effects 
0 1.5 6 15 


Males 
Clinical signs (No.  of events/no.  of animals affected, prior to and 2 hours post each dosing) 
                                                                 prior   2-hr    prior  2-hr    prior   2-hr    prior   2-hr 
Marked injected sclera - left eye 
                                     - right eye 


  0/0 
  0/0 


 0/0 
 0/0 


  5/1 
17/1 


  5/2 
  8/2 


  10/3 
  33/4 


  3/3 
11/4 


  42/2 
  25/3 


29/2 
  9/2 


Excessive drooling   0/0  0/0   0/0   0/0    1/1   1/1   55/4 25/3 
Wet, clear material around mouth   2/1  5/3 28/3 20/4 122/4 87/4 143/4 90/4 
Emesis, small amount of food   1/1  0/0   4/3   2/1   12/4   4/3   21/4 32/4 
Head shaking   0/0  0/0   0/0   0/0     9/2   0/0   64/4   7/2 
Clinical chemistry (mean values) 
Albumin (g/dL) -week 6 
                         -week 12 


3.4±0.22 
3.7±0.21 


3.3±0.05 
3.6±0.17 


3.3±0.29 
3.5±0.15 


2.9±0.31* 
2.9±0.46** 


Total protein (g/dL) - week 6 
                                - week 12 


5.8±0.24 
5.9±0.05 


5.6±0.13 
5.9±0.37 


5.8±0.49 
5.8±0.15 


5.3±0.57 
4.9±0.47** 


Histopathology 
Nasal Level IV – degeneration of 
olfactory epithelium, minimal 


2/4 2/4 2/4 0/4 


 
 
Females 
Clinical signs (No.  of events/no.  of animals affected, prior to and 2 hours post each dosing) 


                                                               prior    2-hr   prior   2-hr    prior   2-hr     prior    2-hr 
Marked injected sclera- left eye 
                                    -  right eye 


  1/1 
  0/0 


  0/0 
  0/0 


  2/1 
  1/1 


  1/1 
  0/0 


  70/3 
  62/4 


55/4 
50/4 


  53/3
    7/3


28/3 
  3/2 


Excessive drooling   0/0   0/0   0/0   0/0     0/0   0/0   22/3   5/2 
Wet, clear material around mouth   3/2   5/2   2/1   2/1   21/4 21/2 132/4 52/4 
Emesis, small amount of food   4/3   4/2   8/4   3/3     4/3   9/3   12/4 34/4 
Head shaking   0/0   0/0   2/2   0/0     0/0   0/0   40/4   0/0 
Clinical chemistry (mean values) 
Albumin (g/dL) - week 6 
                         - week 12 


3.4±0.24 
3.8±0.13 


3.4±0.15 
3.6±0.13 


3.0±0.22 
3.3±0.08** 


2.9±0.16* 
3.0±0.23** 


Total protein (g/dL) - week 6 
                                - week 12 


5.8±0.50 
6.0±0.25 


5.8±0.48 
5.9±0.42 


5.2±0.21 
5.2±0.34* 


5.1±0.06* 
5.3±0.13* 


Histopathology – Nasal Level IV  
Nasal Level IV- degeneration of 
olfactory epithelium, minimal 


1/4 1/4 3/4 3/4 


a/ Data from Harriman (2003d).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  NE=not 3 
evident.  Clinical observations were made prior to dosing for the day and two hours after the dosing.   4 
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III.D.  Chronic Toxicity and Oncogenicity 1 
 2 
Summary: In rats after inhalation exposure, MeI caused reduced food consumption as well as 3 
reduced body and organ weights.  The primary target organs were the thyroid (hyperplasia and 4 
atrophy), nasal tissues (olfactory epithelium degeneration), and salivary gland (metaplasia).  At 5 
the doses studied, reduced body weight gain and food consumption were also observed in treated 6 
mice given MeI by gavage.  Dogs ingesting MeI in capsules showed injected sclera, excessive 7 
drooling and effects on the thyroid (reduced organ weight, colloid depletion, and follicular cell 8 
hypertrophy).  For all three species, TSH level was elevated with MeI treatment.  Increased 9 
incidences of thyroid adenomas and/or carcinomas were reported for rats and mice.   10 
 11 
III.D.1.  Rat- Inhalation 12 
 13 
 Crl:CD(SD)IGS-BR rats (60/sex/group, except for 70/sex/group for 60 ppm; 10 animals 14 
were removed from each group at 51 weeks for interim sacrifice) were exposed to MeI (purity 15 
99.7% for all but 36 exposures, during which the purity was 97.9% with 2% dichloromethane; 16 
analytical concentrations of 0, 5, 20, or 60 ppm) by inhalation for 6 hours per day, 5 days per 17 
week for 1 (interim sacrifice) or 2 years (main group) (Kirkpatrick, 2005; interim reports in 18 
Kirkpatrick, 2003a and b).  The equivalent dosages were 5, 19, 58 mg/kg/day for 0.03, 0.11, and 19 
0.34 mg/L, respectively.  Excess deaths in the 60-ppm rats occurred during months 5 and 6 of the 20 
study.  Engineering corrections and changing cage placements stopped the mortality.  By week 21 
91, survival between control and the treated groups were comparable and represented about 50% 22 
or higher rates (Table 21).  The terminal survival rate for the control was lower (38-39%) than 23 
the treated groups (43-51%).  Pituitary adenomas and “undetermined” accounted for almost all 24 
cases of death. 25 
 26 
There were no treatment-related effects reported for clinical signs and hematology.  Clinical 27 
chemistry data showed comparatively few indicators of treatment effects.  The mean cholesterol 28 
levels at week 26 were significantly elevated for 60 ppm males (134 mg/dL, p<0.05), and 20 and 29 
60 ppm females (104 and 109 mg/dL, respectively, p<0.05 and <0.01) when compared to 30 
controls (74 and 78 mg/dL).  The sodium levels were 144, mEq/L for the control, and 31 
significantly increased for all male groups (146 to 147 mEq/L, p<0.05) and 60 ppm females (147 32 
mEq/L).  At week 52, both cholesterol and sodium levels were not different than control values.   33 
The phosphorus levels in the 60-ppm females, not the males, were increased (145%, 127% of 34 
control, respectively) at both 6 and 12 months.   35 
 36 
Mean body weights were significantly reduced in the 60-ppm group throughout the study, 37 
starting on study week 5 (Table 21).  They were 91-95 (male-female) % of control on week 5, 38 
and were 80-82% (male-female) of control at 24 months, which suggested that the 60 ppm 39 
exceeded the maximal tolerated dose (MTD).  The % of reduction corresponded to that for food 40 
consumption, except for the week 0-1 value 60-ppm female.   41 
 42 
The main target organs were stomach, thyroid, nasal tissue, and salivary gland.  At gross 43 
examination, the stomach showed dark red areas, reddened mucosa, dark red contents, and 44 
distension (Table 21).  In the thyroid (including the parathyroid), both the absolute and relative 45 
mean organ weights of the 60-ppm males were significantly greater than those of the controls 46 
(Table 21).  This was consistent with the increased incidence of enlarged thyroids (Table 21) and 47 
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histological changes (Table 22) in these males.  Thyroid hormones and TSH levels showed 1 
variable changes over time, with overall dose-related increase in T4, TSH, and rT3, but a 2 
reduction in T3 (Table 21).   3 
 4 
Microscopic examination of the thyroid revealed increased incidences of follicular cell 5 
hyperplasia (significant for both genders), and adenoma/carcinoma (significant for the males 6 
only) in the 60-ppm groups (Table 22).  The overall incidences for adenomas and carcinomas 7 
were attributed to animals in the main groups, with few adenomas from the interim group (3 and 8 
1 adenomas for males and females, respectively, of the 60 ppm groups).  In the 60-ppm males, 9 
the total incidences (all animals) for adenomas (18.6%) and combined adenomas/carcinomas 10 
(21%) were significantly increased compared to the control (6.7%), and historical control of 11 
2.21% at the conducting laboratory.  While incidence for follicular carcinomas (5.7%) in the 60-12 
ppm females (all animals) was not significantly elevated compared to the control (3.3%), it was 13 
higher than the historical control of 0.88%.  Table 19 also showed findings of cyst, vacuolation, 14 
cystic hyperplasia, and ultimobranchial cyst9 in the thyroid follicular cell.  The increased 15 
incidences were statistically significantly elevated at 60-ppm, primarily in the males.  16 
Cytoplasmic vacuolation of follicular cells was described as "appeared to be a form of follicular 17 
cell degeneration." While considered a common congenital finding, increased incidence of cysts 18 
was considered to be treatment-related.   19 
 20 
Examination of individual data for male rats showed a wider range of TSH, and higher mean 21 
TSH levels for animals with thyroid changes (enlargement, tumors, and hyperplasia) than those 22 
not affected (Table 23).  However, within this affected male subgroup, there was no obvious 23 
relationship between TSH level and the formation of tumors.  For example, the TSH levels were 24 
between 3.04 and 13.80 ng/mL, respectively, for the animals (#3222, 3442, 3509) with adenomas 25 
at 52 weeks.  On the other hand, animal #3484 had no adenomas and its TSH was 26.02 ng/mL.  26 
The lack of correlation was also noted for the 104-week data.  The TSH levels in animals with 27 
carcinomas ranged from 2.27 to 36.86 ng/mL.  The TSH level was 10.53 ng/mL in the most 28 
affected animal (#3338) with enlarged thyroid, adenoma, carcinoma, and hyperplasia.  The 29 
animal (#3331) with highest TSH level (50.40 ng/mL) did not have any carcinoma.  The female 30 
individual data for 104 weeks also did not show any correspondence between TSH and adenoma 31 
formation (Table 21).  This lack of direct relationship with TSH, as well as T4, suggested that, 32 
instead of terminal values, changes in hormone levels over the course of treatment might be a 33 
better predictor of tumor outcome.  However, the current study lacked the data for such an 34 
analysis because there were only a few animals with hormone levels measured more than once, 35 
and were only at week 26 and 52 (Tables 23 and 24).   36 
  37 
Nasal olfactory epithelial degeneration showed dose-related increase in incidences with the 38 
majority of 60-ppm rats affected (Table 22).  The severity of the lesion progressed from mild at 0 39 
and 5 ppm, to minimal and mild for 20 ppm, and up to severe at 60 ppm.  An additional effect on 40 
the nasal tissue was cyst formation, affecting up to half of the 60-ppm animals, depending on the 41 
nasal tissue level.   42 
 43 


                                                 
9 Ultimobranchial cysts were considered a common finding in rats, representing embryological rests from the 
ultimobranchial body. The study investigators considered the increases noted in the male rats as likely random 
occurrences rather than exposure related. 
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Squamous metaplasia of ductal epithelium and atrophy of the acinar structures in the mandibular 1 
salivary gland showed dose- and duration increased incidences and severity in the treated groups 2 
(Table 22).  They were found in all treated groups with statistically significant increases at 20 3 
ppm for metaplasia (both genders) and 5 ppm for atrophy (male).  The severity of these lesions 4 
ranged from mild/minimal for the 5-ppm group, to moderate in the 20 ppm and 60 ppm groups.   5 
 6 
One notable finding was significantly (p<0.05 or <0.01) reduced brain weights (absolute and 7 
relative) for the 60 ppm groups during interim and terminal sacrifices.  However, it was less than 8 
10% at both intervals (89% and 95% of control at interim, 94% and 92% of control at terminal).  9 
Brain histology showed the presence of astrocytoma with low incidences in 5 ppm males (1/27 10 
malignant), 60 ppm males (1/69 benign, 2/69 malignant), and 60 ppm females (1/70 benign).   11 
 12 
The NOELs were “slightly below” 5 ppm for salivary gland atrophy for both genders, and 5 ppm 13 
for metaplasia.  The latter NOEL of 5 ppm (5 mg/kg/day) was considered for risk assessment 14 
since it showed a clearer dose-response relationship, and atrophy is generally an age-related 15 
finding.  This study was considered acceptable to DPR according to FIFRA guidelines.  This 16 
NOEL will be considered as the critical NOEL for chronic toxicity (Section IV.A.3.).    17 
 18 
The USEPA established a systemic NOAEL of 5 ppm for increased incidence of salivary gland 19 
squamous cell metaplasia (USEPA, 2006a).  The NOAEL for port of entry effects was 20 ppm 20 
based on olfactory epithelial degeneration and cysts at 60 ppm.   21 
 22 
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Table 21.  Effects in rats exposed to MeI by inhalation in a two-year study.a 1 
Doses 


Males Females 
Effects 
 
                                  ppm 
                         mg/kg/day 


0 
0 


5 
5 


20 
19 


60 
58 


0 
0 


5 
5 


20 
19 


60 
58 


Survival (% alive) 
Week 52 
Week 78-Week 91 
Week 103 


 
92 
71-56 
38 


 
92 
78-58 
51 


 
98 
82-63 
49 


 
89 
83-64 
43 


 
100 
80-49 
39 


 
97 
83-65 
48 


 
97 
85-69 
50 


 
81 
81-62 
49 


Mean body weight (g) 
Week 5 
Week 104 


 
400 
717 


 
397 
725 


 
397 
665 


 
363** 
577* 


 
250 
456 


 
252 
449 


 
252 
439 


 
237** 
375* 


Food Consumption (g/rat/day) 
Week 0-1 
Week 102-103 


26 
28 


26 
27 


25 
26 


  24** 
  23* 


18 
21 


18 
20 


19 
19 


19 
18 


Stomach lesionb 5/33 5/27 10/26* 11/33 3/31** 4/27 5/27 22/32** 
Thyroid  
Absolute weightc (mg)   
Week 52 
Week 104 


 
35 
42 


 
35 
55 


 
34 
55 


 
  65** 
126** 


 
35 
60 


 
34 
37 


 
28 
34 


 
29 
58 


 Relative to body weight 
   Week 52 
   Week 104 


 
0.005 
0.007 


 
0.005 
0.008 


 
0.005 
0.009 


 
0.011** 
0.023** 


 
0.010 
0.014 


 
0.009 
0.009 


 
0.007 
0.008 


 
0.009 
0.017 


Enlarged glands– Week 52 
                        – Week 104 
                        - allc 


0/10** 
2/17** 
4/50** 


0/10 
1/23 
2/50 


  0/10 
  6/24 
  7/50 


  5/20  
  7/17  
14/50** 


0/10 
3/19 
3/50 


0/10 
1/23 
2/50 


0/10 
1/23 
1/50 


1/20 
0/18 
3/50  


T3 (ng/dL) – Week 26 
                 – Week 52 
                 –  Week 104 


58 
43 
50 


51 
39 
53 


57 
51 
50 


38 
38 
44 


68 
82 
73 


55 
79 
71 


80 
60 
66 


49 
73 
65 


T4 (µg/dL) – Week 26 
                 – Week 52 
                 – Week 104 


3.9 
2.6 
2.2 


3.4 
2.4 
2.3 


3.2 
3.4 
2.2 


1.7** 
3.4* 
2.5 


2.0 
2.0 
1.6 


1.7 
2.2 
1.6 


1.9 
1.7 
2.0 


1.8 
2.2 
2.5** 


TSH (ng/mL) – Week 26 
                     – Week 52 
                     – Week 104 


2.5 
2.2 
2.4 


3.8 
2.3 
3.3 


4.9 
3.6 
3.5 


30.5** 
  9.1 
11.3** 


1.8 
2.6 
2.5 


1.8 
3.3 
2.9 


2.1 
2.9 
3.8 


12.9** 
  5.5 
  4.0 


rT3 (ng/mL) – Week 26 
                   – Week 52 
                   –  Week 104 


0.13 
0.09 
0.03 


0.12 
0.09 
0.04 


0.11 
0.09 
0.04 


0.15 
0.19** 
0.07** 


0.10 
0.12 
0.05 


0.11 
0.14 
0.09 


0.15 
0.09 
0.20** 


0.19 
0.33** 
0.24** 


a/ Data from Kirkpatrick (2005).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance in 2 
trend by the Cochran-Armitage Trend test is denoted at the control value. 3 


b/ Total incidences noted for dark red area, mucosa reddened, dark red contents, and distended and number of rats 4 
examined.   5 


c/ Includes only in the main group (104 week and unscheduled deaths), not those in the interim sacrifice group. 6 
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Table 22.  Histopathological findings in rats exposed to MeI by inhalation in a two-year 1 
study.a 2 


Doses 
Males Females 


Effects 
                    
                                  ppm 
                         mg/kg/day 


0 
0 


5 
5 


20 
19 


60 
58 


0 
0 


5 
5 


20 
19 


60 
58 


Thyroid Follicular Cell-  
  All animals 
  Hyperplasia 
  Adenoma 
  Carcinoma 
  Adenoma plus carcinoma 
 
  Main Groupb  
  Adenoma 
  Carcinoma 
  Adenoma plus carcinoma   


 
 
1/60** 
2/60** 
2/60** 
4/60** 
 
 
2/45** 
2/45* 
4/45** 


 
   
  2/60 
  2/60 
  0/60 
  2/60 
 
 
  2/45 
  0/45 
  2/45  


 
   
  1/60 
  4/60 
  0/60 
  4/60 
 
 
  4/49 
  0/49 
  4/49   


 
  
21/70** 
13/70** 
  4/70 
15/70* 
 
 
10/42** 
  4/42 
12/42*   


         
 
0/60** 
1/60 
1/60 
2/60 
 
 
1/50 
1/50 
2/50   


 
  
  2/59 
  1/59 
  0/59 
  1/59 
 
 
  1/48 
  0/48 
  1/48  


 
  
  1/60 
  0/60 
  1/60 
  1/60 
 
 
  0/48 
  1/48 
  1/48 


 
 
12/70** 
  3/70 
  2/70 
  4/70 
 
 
  2/38 
  2/38 
  3/38 


Thyroid Follicular Cell-      
 Cyst 
  Vacuolation 
  Hyperplasia, cystic  
  Cyst, ultimobranchial 


 
1/60* 
0/60** 
1/60* 
9/60** 


 
  4/60 
  1/60 
  5/60 
10/60  


 
  4/60 
  0/60 
  4/60 
 11/60   


 
  8/70* 
16/70** 
  8/70* 
28/70** 


       
  1/60 
  0/60 
  0/60 
14/60*  


 
  2/59 
  1/59 
  3/59 
16/59  


 
  1/60 
  0/60 
  2/60 
 23/60   


 
  1/70 
  1/70 
  2/70 
27/70*    


Olfactory epithelium 
Level III 
-Degeneration  
-Cysts 
Level IV 
-Degeneration  
-Cysts 
Level V 
-Degeneration 
-Cysts 
Level VI 
-Degeneration 
-Cysts 


 
 
0/60 
0/60 
 
0/60 
0/60 
 
0/60 
0/60 
 
1/60 
1/60 


 
 
  0/60 
  1/60 
 
  2/60 
  0/60 
 
  1/60 
  0/60 
 
  0/60 
  0/60 


 
 
  1/60 
  0/60 
 
  4/60 
  0/60 
 
  4/60 
  0/60 
 
  3/60 
  0/60 


 
 
41/70** 
16/70** 
 
59/70** 
21/70** 
 
63/70** 
35/70** 
 
54/70** 
19/70** 


 
 
0/60** 
0/60** 
 
0/60 
1/60 
 
0/60 
0/60 
 
0/60 
0/60 


 
 
  1/59 
  0/59 
 
  1/59 
  0/59 
 
  0/59 
  0/59 
 
  0/59 
  0/59 


 
 
  4/60 
  0/60 
 
  3/60 
  1/60 
 
  4/60 
  1/60 
 
  2/60 
  0/60 


 
 
20/70** 
  9/70** 
 
43/70** 
22/70** 
 
60/70** 
35/70** 
 
51/70** 
28/70** 


Salivary gland –  
All animals 
  Squamous metaplasia 
  Atrophy 
Main Groupc 


  Squamous metaplasia 
  Atrophy 


 
 
1/60** 
0/60** 
 
1/50** 
0/50** 


 
   
  4/59 
  5/59* 
 
  4/49 
  5/49* 


 
 
25/59** 
  5/59* 
 
22/49** 
  5/49* 


 
 
63/70** 
22/70** 
 
47/50** 
14/50* 


 
 
0/60** 
0/60** 
 
0/50** 
0/50** 


 
  
  3/59 
  2/59 
 
  3/50 
  2/50 


 
 
25/60** 
  5/60* 
 
22/50** 
  5/50* 


 
 
58/68** 
10/68** 
 
40/48** 
  9/48* 


a/ Data from Kirkpatrick (2005).  *, ** for statistical significant at p<0.05 and <0.01, respectively.  Significance in 3 
trend by the Cochran-Armitage Trend test is denoted at the control value.  For thyroid tumors, single and 4 
multiple occurrences of a given tumor type are combined per rat in this table.  Incidences were analyzed by 5 
using 1-tailed Fisher's exact test.  Incidences according to severity were given in the report with primarily 6 
minimal to mild grades for 0, 5, and 20-ppm groups, and the addition of moderate to severe grades at 60 ppm. 7 


b/ Data for animals died or sacrificed after week 53.  First tumors were detected on week 59 (adenoma) and 90 8 
(carcinoma), both in the 60 ppm groups.  Two animals had both an adenoma and a carcinoma.  NA=not 9 
applicable.  Significant in trend is noted at the control values.  Salivary gland of one animal each (5 ppm male 10 
and 20 ppm female) was not examined. 11 


c/ Data for all animals in the main group regardless of when they died or sacrificed.   12 
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Table 23.  Individual animal data on thyroid hormone levels and lesions in 60 ppm male 1 
rats exposed to MeI by inhalation for 52 weeks and 104 weeks.a 2 
Animal 
number 


T3 
ng/dL 


T4 


μg/dL 
TSH 


ng/mL 
rT3 


ng/mL 
En-
larged 


AD CA  HYP 


52 weeks-Animals with thyroid gland effects 
3222 40.50 3.62 3.04 QNS  x 
3244 QNS 3.15 18.12 QNS x x 
3269 53.70 3.50 13.52 QNS  x 
3322 55.62 4.86 2.72 QNS  x 
3344 43.68 2.97 1.18 QNS x 
3369 40.92 2.29 9.92 QNS  x 
3438 23.12 4.42 3.20 QNS  x 
3442 37.96 1.91 48.40 QNS x x x 
3484 QNS 2.33 26.02 0.18 x x 
3509 27.04 2.43 13.80 QNS x x x 


52 weeks- Animals without thyroid gland effects (values are presented as ranges) 
n=10 12.80-48.56 2.54-4.27 0.88-11.20 0.12-0.24 No effects reported 


104 weeks-Animals with thyroid gland effects 
3234 41.36 2.88 2.27 0.05 x x x 
3282 47.61 2.88 36.86 0.14 x x 
3283 31.50 3.04 6.23 0.11 x x 
3286 37.48 1.49 32.33 0.02  x 
3331 54.93 2.24 50.40 0.13 x x x 
3338 44.54 3.29 10.53 0.12 x x x x 
3350 56.76 2.47 20.41 0.03 x 
3371 24.00 1.88 2.62 0.04  x  
3374 32.58 2.27 2.30 0.05  x 
3412 58.02 3.36 11.24 0.18 x x x 


104 weeks-Animals without thyroid gland effects (values are presented as ranges) 
n=6 23.84-91.45 1.48-3.09 0.92-7.95 0.02-0.09 No effects reported 


Comparison of week 26b and 52 hormone and TSH levels for three rats 
 No.  3479 


wk 26 
wk 52 


 
36.52 
28.96 


1.47
4.27


20.24
3.38


QNS
0.24 No effects reported 


 No.  3509 
wk 26 
wk 52 


 
QNS 


27.04 
QNS
2.43


QNS
13.80


QNS
QNS x x  x 


 No.3484 
wk 26 
wk 52 


 
27.42 
QNS 


0.75
2.33


52.88
26.02


0.13
0.18 x   x 


 a/ Data from Kirkpatrick (2005), and do not include unscheduled death animals whose thyroid hormone 3 
levels were not measured.  Abbreviations for thyroid pathology: ENL=enlarged, AD=adenoma, 4 
CA=carcinoma, HYP=hyperplasia, QNS=quantity not sufficient for analysis, x=present. 5 


  b/ Animals were not sacrificed, therefore no histopathology data. 6 
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Table 24.  Individual animal data on thyroid hormone levels and lesions in 60 ppm female 1 
rats exposed to MeI by inhalation for 52 weeks and 104 weeks.a 2 


 3 
Animal 
number 


T3 
ng/dL 


T4 


μg/dL 
TSH 


ng/mL 
rT3 


ng/mL 
ENL AD CA  HYP 


52 weeks-Animals with thyroid gland effects 
3680 98.69 1.75 2.74 0.11   x 
3708 QNS 2.06 11.20 QNS  x   
3742 50.02 1.13 28.20 QNS x   x 


52 weeks- Animals without thyroid gland effects (values are presented as ranges) 
n=17 50.28-


92.18 
1.49-
3.48 


0.98-
11.14


0.23-
0.61


No effects reported 


104 weeks-Animals with thyroid gland effects 
3729 71.72 2.55 4.17 0.24    x 
3763 31.29 2.81 1.11 0.23  x  
3813 63.95 1.75 3.69 0.13    x 
3817 67.55 1.92 28.37 0.23 x  x 


104 weeks-Animals without thyroid gland effects (values are presented as ranges) 
n=14 32.31-


94.31 
1.32-
4.66 


0.85-
6.85


0.09-
0.49


No effects reported 


Comparison of week 26b and 52 hormone and TSH levels 
No.3825 
wk 26 
wk 52 


 
QNS 


70.98 


 
2.63 
2.23 


2.60
2.54


0.24
0.23


 
 
No effects reported 


No.  3849 
wk 26 
wk 52 


 
85.74 
QNS 


 
2.91 
3.48 


6.22
2.18


0.20
0.61


 
 
No effects reported 


a/ Data from Kirkpatrick (2005), and do not include unscheduled death animals whose levels were not  4 
measured.  Abbreviations for thyroid pathology: ENL=enlarged, AD=adenoma, CA=carcinoma, 5 
HYP=hyperplasia, x=present.   6 


b/ Animals were not sacrificed, therefore no histopathology data. 7 
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III.D.2.  Mouse – Oral 1 


 Crl:CD-1(ICR) mice (50/sex/group) were given microencapsulated MeI (purity 99.7% 0, 2 
60, 200 or 600 ppm) daily mixed in the diet for 18 months (Harriman, 2005a; pathology report in 3 
Hardisty, 2005; interim reports in WIL Research Laboratories, 2004).  The mean dosages for 4 
males were 0, 8, 28, and 84 mg/kg/day; and for females were 0, 10, 35, and 100 mg/kg/day.  MeI 5 
treatment had no effect on survival, clinical signs, or hematology.   6 


Mean body weight was significantly reduced at 600 ppm starting on study week 1 and continued 7 
to week 78 for all male groups, but only the 600 ppm females (Table 25).  The reduction in body 8 
weight was dose and time-related, and was associated with food consumption decrease, 9 
suggesting a palpability problem and/or irritation in the GI tract (Tables 26 and 27).   10 
  11 
The target organs were thyroid, GI tract and reproductive system.  The thyroid was assessed 12 
only at termination with significant changes in the hormones for males only (Table 25).  These 13 
included elevated TSH at 200 to 600 ppm, reduced T4 at 600 ppm, and increased incidences of 14 
enlarged thyroids at 600 ppm.  However, significantly increased thyroid/parathyroid weights 15 
were reported for both genders in all treatment groups.  Histological examination showed 16 
increased incidences of colloid10, vacuolation, cysts, hyperplasia, and tumors in the treated 17 
groups (Tables 26 and 27).  With increased colloid, vacuolation, and cyst, high incidences of 18 
similar magnitude were reported for 200 and 600-ppm groups.  There were two forms of 19 
follicular cell hyperplasia11, with lack of dose-response relationship as well as no change in 20 
severity noted for "hyperplasia", where low and minimal incidences were reported for all 21 
treated groups.  "Hyperplasia, follicular cell" data, on the other hand, showed a gender 22 
difference with high incidences and mostly minimal severity for all female treated groups, but 23 
very low incidences for all male treated groups.  The investigators considered the non-24 
significant increase in follicular cell tumors in 600-ppm males (2 adenomas and 1 carcinoma) 25 
to be treatment-related.  Single follicular cell adenoma was observed in a 200-ppm male, a 600-26 
ppm female, and a control female; this finding was not attributed to treatment.  Basophilic 27 
hypertrophy of the pituitary (plausibly associated with enhanced TSH production) was 28 
statistically significantly elevated in all groups of females.  The lack of dose-response 29 
relationship, however, could represent a secondary treatment response or a random low control 30 
value.  For the latter, the male control showed an incidence (37/49) higher than all values for 31 
the female groups (13/48 to 35/50).   32 
 33 
For the GI tract, hyperkeratosis was reported for the esophagus, pharynx, and non-glandular 34 
stomach at all doses, with statistically significant increases at 60 ppm (females and esophagus 35 
only), 200 ppm and 600 ppm (Tables 26 and 27).  The investigators considered hyperkeratosis a 36 
local irritation effect since MeI was given in the diet and the lesion was limited to the squamous 37 


                                                 
10 “Increased colloid” determination was made when 3 or fewer follicles could span a 40x microscopic field.  
“Cytoplasmic vacuolation” was applied to cells which appeared to be follicular-type cells (and specifically did not 
appear to be C-cells), but which did not surround follicles.  The vacuoles were described as “distinct and clear.”   
11 There were two forms of follicular cell hyperplasia: “hyperplasia”- nests of cells similar to that described for 
cytoplasmic vacuolation, except the foci were larger (more cellular), and follicular lumens were infrequently 
observed; and “hyperplasia, follicular cell”- higher numbers of cells lining the thyroid follicles, which contained 
discolored (gray) colloid. For the two types of hyperplasia, the foci were described as small, mild in the majority of 
the incidences, and involving only an estimated 1-3% or less of the total thyroid gland area. 
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regions of the upper GI tract.  Stomach squamous cell carcinoma (one at 600 ppm) or papilloma 1 
(one at 200 ppm) was found in the males, but none in the females.   2 
 3 
The investigators noted a positive trend in incidences of cervical fibromas, and combined 4 
cervical and uterine fibromas (Table 27).  The fibromas were described as small bundles of fibers 5 
without evidence of mitotic activity.  They were not grossly evident, and appeared not to be 6 
growing appreciably nor advancing toward malignancy.  The incidences did not show any 7 
statistical significance by pairwise comparisons.  The reported historical incidences of benign 8 
fibromas in the uterus or cervix are very low (Charles River Laboratories, Inc. compilation in 9 
March 2000 reported 2/2812 cases in uterus, and 0/2724 cases in cervix).  However, this 10 
historical incidence may not be an appropriate comparison to the results in the present study, 11 
which is based on reevaluation of the original sections, and additional sections for the Pathology 12 
Working Group (Hardisty, 2005).  The Group concluded that proliferative mesenchymal lesions 13 
(fibroma and leiomyoma) of the uterus or cervix were not treatment-related because of the 14 
following reasons:  15 
 16 
1.  Low incidence for fibromas in the treated mice, compared to that for the concurrent controls, 17 
2.  No precursor cytotoxic lesions or non-neoplastic proliferative changes were observed.    18 
3.  Increased incidences only in this study, and not in the rat two-year oncogenicity study. 19 
4.  Proliferative changes detected after extensive examination, not comparable with historical 20 
ranges.   21 
5.  No known clinical or biological significance for these fibromas in animals or humans. 22 
 23 
The study NOEL was < 60 ppm (< 8 mg/kg/day in males) for decreased body weight; markedly 24 
elevated thyroid/parathyroid weights, increased colloid and cytoplasmic vacuolation in thyroid; 25 
follicular cell hyperplasia; and hyperkeratosis as evidence of upper GI tract local irritation.  The 26 
Medical Toxicology Branch Reviewer found that, at present, there was insufficient information 27 
to determine whether the observed incidences of fibromas, particularly in the cervix, were an 28 
indication of oncogenicity.  Neither associated histopathology nor any evident mechanism was 29 
available to explain the findings.  However, the possibility that the fibroma in the cervix in high 30 
dose females was treatment-related cannot be dismissed at this time.  This study was considered 31 
acceptable to DPR according to FIFRA guidelines. 32 
 33 
The USEPA did not establish a NOEL for this study (USEPA, 2006a and 2007).  The results on 34 
the thyroid, uterus, and cervix were discussed in the cancer assessment review (USEPA, 2005d).  35 
USEPA noted that the thyroid tumors were treatment related and were consistent with 36 
perturbations of thyroid function.  However, the uterine and cervical fibromas were not 37 
considered treatment-related for reasons similar to those put forth by the Pathology Working 38 
Group.   39 
 40 
 41 
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Table 25.  Chronic toxicity in mice exposed to microencapsulated MeI in the diet in an 18-1 
month study .a 2 


 3 
Doses 


Males Females 
Effects 
                    
                             ppm 
                   mg/kg/day 


0 
0 


60 
  8 


200 
  28 


600 
  84 


0 
0 


60 
10 


200 
  35 


600 
100 


Mean body weight (g, % of control) 
Week 1 
 
Week 78 


30.0 
 
41.3 


29.8 
 
38.5** 
(7%) 


29.6 
 
38.4** 
(7%) 


27.3** 
(9%) 
36.6** 
(11%) 


23.6 
 
34.0 


23.4 
 
34.0 


23.1 
 
32.9 


22.3** 
(6%) 
31.1** 
(9%) 


Food Consumption (g/mouse/day) 
Week 0-1 
Week 102-103 


5.1 
5.4 


4.8 
4.9** 


4.9 
4.8** 


4.1** 
4.8** 


4.7 
5.3 


4.8 
5.9* 


4.7 
5.2 


3.9** 
4.6** 


Thyroid Effects 
T3 (ng/dL) 
T4 (µg/dL) 
TSH (µg/mL) 


71 
  2.7 
  0.45 


70 
  2.6 
  0.54 


75 
  2.6 
  0.69* 


75 
  1.9** 
  0.86** 


62 
  1.8 
 0.28 


59 
  1.9 
  0.45 


67 
  1.9 
  0.47 


69 
  1.8 
  0.39 


Enlarged thyroid gland 
at terminal sacrifice 


 
0/43 


 
0/37 


 
2/41 


 
8/40** 


 
1/42 


 
2/39 


 
3/42 


 
5/44 


Thyroid/parathyroid  
organ weight (mg) 
relative to body weight 


 
8.7 
0.021 


 
20.4** 
0.053** 


 
20.7** 
0.054** 


 
20.3** 
0.056** 


 
8.6 
0.025 


 
17.9** 
0.053** 


 
16.5** 
0.050** 


 
16.3** 
0.053** 


a/ Data from Harriman (2005a).  *, ** for statistical significance at p<0.05 and <0.01, respectively.   4 
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Table 26.  Histopathological findings in male mice exposed to MeI in the diet in an 18-1 
month study.a 2 


 3 
Doses Effects 


                                   ppm 
                         mg/kg/day 


  0 
  0 


  60 
    8 


200 
  28 


600 
  84 


Thyroid Follicular cell 
Vacuolation 
Increased colloid 
Cyst, ultimobranchial   


  0/50** 
  3/50** 
23/50 


12/50** 
28/50** 
24/50 


22/50** 
37/50** 
30/50 


15/49** 
44/49** 
31/49 


Hyperplasia, follicular cell 
  minimum 
 mild 
Hyperplasia 
 minimum 
 mild 


  0/50* 
  0 
  0 
  0/50** 
  0 
  0 


  1/50 
  1 
  0 
  4/50 
  2 
  2 


  3/50 
  3 
  0 
  2/50 
  1 
  1 


  6/50* 
  6 
  0 
  8/49** 
  7 
  1 


Adenoma 
Carcinoma 
Adenoma & carcinoma  


  0/50* 
  0/50 
  0/50* 


  0/50 
  0/50 
  0/50  


  1/50 
  0/50 
  1/50  


  2/49 
  1/49 
  3/49 


Pituitary hypertrophy 37/49 11/13   5/8 44/49 
GI tract 
 Esophagus 
    Hyperkeratosis 
    Epithelial hyperplasia 
 
 Pharynx hyperkeratosis 
 
 Stomach, non-glandular 
   Hyperkeratosis 
   Squamous cell carcinoma 
   Squamous cell papilloma 


 
 
  3/50** 
  0/50** 
 
  1/50** 
 
 
  5/49** 
  0/49 
  0/49 


 
 
  4/50 
  0/50 
 
  3/50 
 
 
11/50 
  0/50 
  0/50 


 
 
28/50** 
  0/50 
 
11/48** 
 
 
32/50** 
  0/50 
  1/50 


 
 
38/49** 
  4/49 
 
26/49** 
 
 
38/49** 
  1/49 
  0/49 


a/ Data from Harriman (2005a).  *, ** for statistical significant at p<0.05 and <0.01, respectively.  Significance in 4 
trend by the Cochran-Armitage Trend test is denoted at the control value.  Incidences were analyzed by DPR 5 
Reviewer using 1-tailed Fisher's exact test.   6 


 7 
 8 
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Table 27.  Histopathological findings in female mice exposed to MeI in the diet in an 18-1 
month study.a 2 


 3 
Doses Effects 


                                            ppm 
                                 mg/kg/day 


  0 
  0 


  60 
  10 


  200 
    35 


  600 
  100 


Thyroid Follicular cell 
Vacuolation 
Increased colloid 
Cyst, ultimobranchial   


  0/49 
  8/49** 
33/49** 


15/50** 
35/50** 
32/50 


14/50** 
31/50** 
41/50 


12/50** 
36/50** 
45/50** 


Hyperplasia, follicular cell 
 minimum 
 mild  
 moderate 
   Hyperplasia 
 minimum 
 mild 


  1/49** 
  1 
  0 
  0 
  1/50 
  1 
  0 


25/50** 
 18 
   7 
   0  
   2/50 
   1 
   1 


  22/50** 
  17 
    4 
    1 
    5/50 
    5 
    0 


26/50** 
22 
  3 
  1 
  5/50 
  5 
  0 


Adenoma 
Carcinoma 
Adenoma & carcinoma  


  1/50 
  0/50 
  1/50 


  0/50 
  0/50 
  0/50 


  0/50 
  0/50 
  0/50 


  1/50 
  0/50 
  1/50 


Pituitary hypertrophy 13/48** 30/49** 28/49** 35/50** 
GI tract 
Esophagus Hyperkeratosis   
Pharynx hyperkeratosis 
Stomach, non-glandular 
  Hyperkeratosis 


 
  0/50 
  1/49** 
 
19/50** 


 
  5/50* 
  5/50 
 
20/50 


 
27/50** 
16/49** 
 
34/50** 


 
45/50** 
31/50** 
 
36/50** 


Cervix/Uterus 
  Cervical fibroma 
  Uterine fibroma 
  Combined 


 
  0/49* 
  0/50 
  0/50** 


 
  1/50 
  1/50 
  1/50 


 
  0/47 
  0/50 
  0/50 


 
  3/50 
  1/50 
  4/50 


a/ Data from Harriman (2005a).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Incidences  4 
 were analyzed by using 1-tailed Fisher's exact test.  Significance in trend by the Cochran-Armitage Trend test is  5 
 denoted at the control value.   6 
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III.D.3.  Dog - Oral 1 
 2 
 Beagle dogs (4/sex/group) received gelatin capsules containing MeI (purity 99.7%; 0, 3 
1.5, 6.0, or 12.0 mg/kg/day) daily for 52 weeks (Harriman, 2004; interim report in WIL Research 4 
Laboratories, 2003).  One male in the 6.0 mg/kg/day group and one female in the 12.0 mg/kg/day 5 
group were euthanized in extremis after 41 weeks.  Clinical observations were made twice daily, 6 
as well as 2-hours prior to and after dosing.  Clinical signs included head shaking, clear material 7 
around the mouth, excessive drooling, and injected sclera (Tables 25 and 26).  As with the results 8 
from the subchronic toxicity study (Table 20; Harriman, 2003d), the incidences generally 9 
increased with dose, but lower incidences were recorded for 2-hours after dosing than before 10 
dosing.  Examination of the individual data for the 12-month study showed that the high 11 
incidence for the low dose and control groups was attributed to a few dogs in these groups with 12 
high incidences (Harriman, 2005b).  The ophthalmic examination was normal for all groups.   13 
 14 
There were no apparent treatment-related effects on mean body weight, body weight gain or food 15 
consumption.  Hematology and serum chemistry showed some changes related to treatment 16 
affecting one or both genders at 6.0 and 12.0 mg/kg/day during either the 25 or 52-week 17 
measurements (Tables 28 and 29).  These included: increased mean numbers of platelets and 18 
cholesterol levels, and reduced albumin and total protein. 19 
 20 
Organ weight changes were noted for the treatment groups (Tables 28 and 29).  The mean 21 
absolute and relative liver and thyroid/parathyroid weights were increased at 12.0 mg/kg/day 22 
groups with the values statistically significant for some relative weights.  While the total T3, T4, 23 
and rT3 levels were not affected by treatment, the average TSH levels in the 12.0 mg/kg/day 24 
groups were higher (not statistically significant) than those in the control.  The large standard 25 
deviations were attributed to the increased TSH level of one male (1/4) and one female (1/4) in 26 
each group.  These two animals demonstrated mild to severe colloid depletion and moderate 27 
follicular cell hypertrophy of the thyroid gland, and minimal to mild hyperplasia of basophilic 28 
cells in the pars distalis of the pituitary gland.   29 
 30 
Gross examinations of the tissues showed thickening and discoloration of the esophagus, 31 
firmness and enlargement of the mandibular salivary gland, and thickening of the stomach from 32 
the 6.0 and 12.0 mg/kg/day groups.  Microscopic examination showed extensive ulceration of the 33 
esophagus, mucous cell hypertrophy and/or decreased secretion of the mandibular salivary gland, 34 
and hyperplasia and/or decreased secretion of the stomach.  The author attributed the effects on 35 
these tissues to the irritative property of MeI.  For males, there was dose-related increased 36 
incidences and severity of seminiferous tubular degeneration (Table 28).  No significant 37 
microscopic findings were reported in other tissues (including brain and nasal cavity).   38 
 39 
The chronic NOEL was < 1.5 mg/kg/day based upon the increased incidence of clinical signs 40 
(clear material around mouth, excessive drooling, and marked injected sclera) in the 1.5 41 
mg/kg/day group.  This study was considered acceptable to DPR according to FIFRA guidelines.   42 
 43 
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Table 28.  Chronic toxicity in male dogs exposed to MeI capsules via the oral route in a 1 
one-year study.a 2 


 3 
Doses (mg/kg/day) Effects 


0 1.5 6.0 12.0 
Clinical signs (No.  of events/no.  of animals affected, prior to and 2 hours post each dosing)b 


                                                prior         2-hr    prior       2-hr       prior         2-hr       prior        2-hr 


Head shaking    0/0   0/0   0/0      0/0    27/2      5/1 127/4      5/3 
Clear material around mouth 30/3 21/3 90/4 108/4 183/4 213/4 426/4 259/4 
Excessive drooling   0/0   0/0   3/1    2/1   53/3    34/3 301/4   39/4 
Sclera, marked injection - left eye 
                                     - right eye 


 24/3 
 21/3 


 23/2 
 16/3 


 11/2 
 14/3 


  17/2 
  17/2 


    7/3 
    6/2 


    7/2 
    4/3 


    6/2 
    5/2 


   4/2 
   3/2 


Hematology and serum chemistry 
Platelet (103/µL) - week 25 
                          - week 52 


280±30.4 
312±38.7 


270±26.9 
330±30.7 


342±33.7 
374±96.2 


387±80.5* 
478±99.3* 


Albumin (g/dL) - week 25 
                         - week 52 


3.6±0.19 
3.5±0.05 


3.6±0.10 
3.5±0.17 


3.2±0.24 
3.4±0.06 


3.0±0.19** 
3.3±0.44 


Total protein (g/dL) - week 25 
                                - week 52 


6.0±0.08 
6.0±0.38 


6.1±0.35 
6.4±0.48 


5.9±0.24 
5.9±0.17 


5.5±0.60 
6.0±1.24 


Cholesterol (mg/dL) - week 25 
                                - week 52 


148±29.5 
132±28.3 


168±12.4 
149±13.4 


182±30.0 
197±29.4 


232±52.8* 
283±144.2 


Mean absolute (g) and relative organ weights (g/100 g body weight) 
Liver -absolute 
         -relative 


 342.0±72.7 
   2.52±0.47 


382.8±31.0 
  2.80±0.09 


  378.6±36.6 
    2.85±0.18 


  432.4±65.6 
    3.44±0.58* 


Thyroid/Parathyroid - absolute 
                                  - relative 


   1.21±0.10 
 0.009±0.0008 


  1.03±0.14 
 0.008±0.002 


    1.21±0.06 
    0.009±0.0006 


    0.87±0.33 
    0.007±0.003 


Thyroid Function 
TSH ng/mL- week 25 
                 - week 52 
T3  (ng/dL) - week 52 
T4   (µg/dL)- week 52 
rT3 (mg/mL)- week 52 


  0.1±0.05 
  0.1±0.00 
92.2±9.01 
  1.5±0.36 
0.40±0.074 


    0.2±0.08 
    0.2±0.10 
113.2±19.84 
    2.5±0.74 
0.46±0.095 


    0.1±0.08 
    0.1±0.06 
104.7±4.73 
    2.2±0.95 
0.53±0.185 


  2.0±3.92 
  4.2±8.12 
93.3±47.97 
  2.2±1.16 
0.31±0.110 


Histopathology (no.  animals affected/no.  animals examined) 
Thyroid Colloid depletion -mild 
                             - moderate 
                             - severe 
Follicular cell hypertrophy 
                             - moderate 


0/4 
0/4 
0/4 
 
0/4 


0/4 
0/4 
0/4 
 
0/4 


0/3 
0/3 
0/3 
 
0/3 


0/4 
0/4 
1/4 
 
1/4 


Testes, seminiferous tubules 
degeneration  - minimal 
                      - mild 


 
0/4 
0/4 


 
1/4  
0/4 


 
1/3 
0/3 


 
1/4  
1/4 


a/ Data from Harriman (2004).  *, ** for statistical significance at p<0.05 and <0.01, respectively.   4 
b/ Clinical observations were made prior to dosing for the day, and two hours after the dosing. 5 
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Table 29.  Chronic toxicity in female dogs exposed to MeI capsules via the oral route in a 1 
one-year study.a 2 


 3 
Doses (mg/kg/day) Effects 


0 1.5 6.0 12.0 
Clinical signs (No.  of events/no.  of animals affected, prior to and 2 hours post each dosing)b 


                                                        prior    2-hr     prior     2-hr      prior      2-hr           prior     2-hr 
Head shaking    0/0   0/0   0/0   0/0   10/4     0/0 332/4   29/4  
Clear material around mouth   2/2   3/3 44/4 31/4 113/4   81/4 225/4   77/4 
Excessive drooling   0/0   0/0   0/0   0/0   19/3   12/3 228/4   15/4 
Sclera, marked injection- left eye 
                                       - right eye 


  0/0 
  0/0 


  0/0 
  0/0 


18/2 
  9/2 


  0/0 
  0/0 


  44/2 
  40/2 


  45/3 
  37/3 


  27/2 
  34/2 


  20/3 
  32/3 


Hematology and serum chemistry 
Platelet (103/µl) -week 25 
                          -week 52 


281±34.6 
314±61.7 


307±39.9 
347±22.6 


349±97.5 
422±14.8* 


411±32.2* 
480±88.9** 


Albumin (g/dL) -week 25 
                         - week 52 


3.6±0.10 
3.7±0.10 


3.6±0.10 
3.6±0.13 


3.3±0.08 
3.3±0.14** 


2.9±0.34** 
2.7±0.21** 


Total protein (g/dL) -week 25 
                                -week 52 


5.8±0.15 
6.2±0.21 


5.9±0.32 
6.0±0.22 


6.1±1.05 
5.7±0.44 


5.2±0.55 
5.0±0.20** 


Cholesterol (mg/dL) -week 25 
                                -week 52 


142±18.9 
153±20.5 


156±23.4 
193±44.0 


239±126.2 
206±67.9 


225±34.3 
227±40.1 


Mean absolute (g) and relative organ weights (g/100 g body weight) 
Liver - Absolute 
         -  Relative 


  316.3±45.2 
    2.84±0.33 


  302.8±19.7 
    2.50±0.23 


  345.7±35.1 
    2.90±0.11 


  375.4±55.2 
    3.18±0.13 


Thyroid/Parathyroid -absolute 
                                  -relative 


    1.19±0.38 
  0.011±0.003 


    0.80±0.09 
  0.007±0.0006 


    1.05±0.25 
  0.009±0.0024 


    0.64±0.13 
  0.005±0.002* 


Thyroid Function 
TSH ng/mL- week 25 
                 - week 52 
T3  (ng/dL) - week 52 
T4   (µg/dL)- week 52 
rT3 (ng/mL)- week 52 


    0.1±0.08 
    0.1±0.00 
111.9±26.63 
    3.0±0.29 
    0.62±0.049 


    0.3±0.13 
    0.3±0.10 
  97.7±14.46 
    2.6±0.68 
    0.56±0.149 


    0.2±0.10 
    0.2±0.06 
  90.9±8.92 
    3.0±0.67 
    0.53±0.053 


  0.5±0.47 
  2.7±3.93 
82.3±6.05 
  2.4±1.47 
  0.42±0.243 


Histopathology (no.  animals affected/no.  animals examined) 
Thyroid 
Colloid depletion -mild 
                             -moderate 
                             -severe 
Follicular cell hypertrophy 
                            - moderate 


 
0/4 
0/4 
0/4 
 
0/4 


 
0/4 
0/4 
0/4 
 
0/4 


 
0/4 
0/4 
0/4 
 
0/4 


 
1/3 
0/3 
0/3 
 
0/3 


a/ Data from Harriman (2004).  *, ** for statistical significance at p<0.05 and <0.01, respectively.   4 
b/ Observations were made prior to dosing for the day, and two hours after the dosing. 5 
 6 
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III.D.4.  Other Studies 1 
 2 
 In a screening assay of chemicals for the induction of lung tumors, A/He mice (10/sex/ 3 
treated group; 30/control, 160/vehicle control) were injected intraperitoneally with MeI (0, 0.06, 4 
0.15, or 0.31 mmoles/kg) three times a week for 24 weeks (Poirier et al., 1975).  The survival 5 
incidences were: 29/30 for control (no injection), 154/160 for vehicle control (tricaprylin); and 6 
19/20 for low dose, 20/20 for mid dose, and 11/20 for high dose of MeI.  The lung tumor 7 
incidences expressed as average number of lung adenomas/mouse were: 0.21±0.03 (control), 8 
0.22±0.03 (vehicle control), 0.21±0.05 (low dose), 0.30±0.07 (mid dose), and 0.55±0.19 (high 9 
dose, p<0.05).  However, there was little difference when the incidence was expressed as the 10 
number affected/total number in group: 6/30 (control), 35/160 (vehicle control), 4/20 (low), 6/20 11 
(mid), and 5/20 (high).  The authors compared the tumor incidences for MeI with other alkyl 12 
halides tested and concluded that alkyl halides were “weakly” carcinogenic with MeI as the most 13 
potent with the highest tumor incidence on a molar basis for the class of compounds.  This was a 14 
published study, and detailed data on these tumors, such as time to tumor and severity, were not 15 
provided. 16 
  17 
 In a study of the oncogenicity of 12 alkylating compounds, BD rats were given 18 
subcutaneous injections of MeI in oil, either weekly for 1 year (10 mg/kg or 20 mg/kg) or as a 19 
single dose of MeI (50 mg/kg), and observed for more than 1 year (Druckrey et al., 1970).  Some 20 
animals in the treated groups died of pneumonia: 4/16 in 10 mg/kg group, 2/8 in 20 mg/kg group, 21 
and none in 50 mg/kg group.  The subcutaneous sarcoma incidences were 11/12 (10 mg/kg) and 22 
6/6 (20 mg/kg) for the weekly injection groups, and 4/14 (50 mg/kg) for the single injection 23 
group.  The tumors were described as fibrosarcomas, and spindle cell and round-cell sarcomas.  24 
They were developed more than 1 year after exposure.  Pulmonary and lymph node metastases 25 
(no incidences given) were reported in some of the treated animals at 10 mg/kg, but no mention 26 
of these effects for the other dose groups.  This was a published report, which did not include 27 
details of the method or results, or a control group.  The authors concluded that MeI is a weak 28 
inducer, but has high local reactivity and long delay in tumor induction.   29 
 30 
 31 
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III.E.  Genotoxicity  1 
 2 
Summary: Methyl iodide can be considered a point mutagen because of positive results from in 3 
vitro gene mutation assays, in particular those conducted in closed systems.  However, in some 4 
of those studies, the positive response occurred at cytotoxic doses.  The results were negative for 5 
mutagenicity studies conducted under FIFRA guidelines.  Methyl iodide is a clastogen because 6 
of increased chromosomal aberrations in Chinese hamster ovary (CHO-K1) cells, and formation 7 
of small colonies in the mouse lymphoma cells.  In an in vivo experiment, MeI did not induce 8 
effects on the chromosome or mitotic spindle of micronucleated polychromatic erythrocytes 9 
from bone marrow of mice given MeI by intraperitoneal injection.  Morphological 10 
transformation assays using mouse or hamster embryo cells showed mixed results.  There was 11 
some indication of MeI as an alkylating agent based on alkylation of guanines from DNA of 12 
human lymphocytes incubated with MeI.  On the other hand, adducts detected in DNA from 13 
tissues (lungs, liver, stomach, and forestomach) of rats exposed to 14C-MeI by either gavage or 14 
inhalation might be due to de novo synthesis, and thus not definitive evidence of direct 15 
methylation.  A summary of the genotoxicity studies is presented in Table 30.   16 
 17 
III.E.1.FIFRA Guideline Studies 18 
 19 
III.E.1.a.  Gene Mutation 20 
 21 
 Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537 and Escherichia 22 
coli strain WP2 uvrA were preincubated with MeI (purity 99.7%; 0 to 5000 µg per tube) in the 23 
presence or absence of rat liver S9 preparation for 1 hour, and then plated on agar for 48 to 72 24 
hours (Wagner and Dakoulas, 2001).  Toxicity, noted as slight to moderate, was noted only for 25 
the 5000 μg per plate dose.  None of the MeI doses increased reversion frequency.  Positive controls 26 
(2-nitrofluorene, NF; sodium azide, NAZ; 9-aminoacridine, AAC; methyl methanesulfonate, 27 
MMS; and 2-aminoanthracene, AAN) were positive as expected.  This study was considered 28 
acceptable to DPR.  The USEPA considered this study as a "No Test" because the registrant 29 
claim of no volatilization could not be verified (MRID 45593813; McCarroll, 2005).  DPR 30 
concurred with the concern, considering that other studies were positive when MeI vapors had 31 
been contained by enclosure in desiccators, or where test article was applied in saturated disks 32 
(see III.E.2.a.  Gene Mutation).    33 
 34 
 Chinese hamster ovary cells (CHO-K1-BH4) were treated with MeI (purity 99.7%; 0 to 35 
200 µg/mL) for 5 hours in the presence or absence of rat liver S9 fraction (San and Clarke, 36 
2001).  For cloning efficiency, cells were cultured for 7 to 10 days and number of colonies 37 
counted.  Methyl iodide reduced cloning efficiency to about 70% of control at 100 µg/mL to 38 
19% at 150 µg/mL (higher doses not tested for -S9 samples) and 41% at 200 µg/mL (with S9 39 
samples).  For the expression of the mutant phenotype, cells were subcultured at 2-3 day 40 
intervals during the 7-10 day expression period.  Methyl iodide did not cause any increase in 41 
mutation at the HGPRT (hypoxanthine guanine phosphoribosyl transferase) locus.  Adequate 42 
positive controls (ethyl methanesulfonate, EMS; benzo(a)pyrene, B(a)P) were included.  This 43 
study was considered unacceptable to DPR because there was no confirmation of the negative 44 
mutation results.  The USEPA determined that MeI tested negative in this assay and the study 45 
was acceptable (MRID 45593815; McCarroll, 2005).   46 
 47 
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III.E.1.b.  Structural Chromosomal Aberrations 1 
 2 
 Chinese hamster ovary (CHO-K1) cells (approximately 5 x 105 cells/25 cm2 flask) were 3 
treated with MeI (purity 99.7%; 0 to 350 µg/mL) in the absence (4 and 20 hours) and presence (4 4 
hours) of rat liver S9 fraction (Gudi and Brown, 2001).  MeI at >150 µg/mL was toxic to the 5 
cells with growth inhibition at about 20% for 150 µg/mL and increased to 100% for 350 µg/mL.  6 
Metaphase cells (200 cells per treatment, up to 250 µg/mL for no S9 and to 200 µg/mL for +S9 7 
fraction) were harvested and evaluated 20 hours after treatment initiation.  Methyl iodide induced 8 
a significant increase of structural chromosomal aberrations (chromatid breaks and exchanges) at 9 
MeI ≥150 µg/mL (in the absence of S9), and MeI ≥100 µg/mL (+S9).  It did not induce 10 
numerical chromosomal aberrations.  Positive controls (cyclophosphamide, CP; mitomycin, 11 
MMC) functioned as expected.  This study was considered acceptable to DPR.  The USEPA also 12 
found the study to be acceptable (MRID 45593814; McCarroll, 2005).   13 
 14 
III.E.1.c.  Other Genotoxic Effects 15 
 16 
 ICR mice (5 or 10/sex/group) received a single intraperitoneal injection of MeI (purity 17 
99.7%) (Gudi and Krsmanovic, 2001).  A toxicity study conducted with 50, 100, 200, and 280 18 
mg/kg showed that 100 mg/kg was the maximally tolerated dose.  At 200 and 280 mg/kg, there 19 
were high mortality (≥ 60% died) and clinical signs (lethargy, piloerection, crusty eyes, crusty 20 
nose, and tremors).  In the bone marrow assay, mice were injected with 25, 50, or100 mg/kg MeI 21 
and micronucleated polychromatic erythrocytes were examined to determine if there was 22 
chromosomal damage or damage to the mitotic apparatus.  MeI did not cause any damage or 23 
increase in the number of micronucleated polychromatic erythrocytes.  The positive control (CP) 24 
functioned as expected.  This study was considered acceptable to DPR.  The USEPA also found 25 
the study acceptable and that MeI was not clastogenic or aneugenic (MRID 45593816; 26 
McCarroll, 2005).   27 
 28 
III.E.2.  Published Studies 29 
 30 
III.E.2.a.  Gene Mutation 31 
 32 


Methyl iodide was evaluated as one of 14 “alkylating agents” among a total of 99 test 33 
compounds (Rosenkranz and Poirier, 1979).  Salmonella typhimurium strains TA1535 and 34 
TA1538 were tested by colony counts.  The disk diffusion, rather than plate incorporation 35 
exposure, was used for both systems, in recognition of the volatility of the test article.  There 36 
were significant increases (about 3- to 12-fold with or without S-9, respectively, over a 5-fold 37 
dose range) in revertants with TA 1535 (base-pair mutagen), but no response with frameshift 38 
mutant TA 1538.  USEPA considered this study to provide valid qualitative data indicative of 39 
mutagenic potential (McCarroll, 2005).   40 


 41 
 There was a difference between conducting the Ames’ assays under standard assay 42 
conditions and those in a sealed container.  Simmon et al. (1977) found MeI to be negative when 43 
the test strains (TA 1535, 1537, 1538, 98, or 100) were preincubated with MeI in capped test 44 
tubes, and then plated onto petri dishes.  However, when MeI was added to a desiccator 45 
containing uncovered culture dishes with TA 100 (without rat liver S-9 fraction) and sealed 46 
during incubation time, there was about a 2.5-fold increase of revertants.  This result was 47 
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repeated in another report by the same investigator in a screening of 101 chemicals using the 1 
Ames assay (Simmon, 1979a).  MeI did not increase revertants in standard petri dish assays with 2 
TA 1535, TA 1536, TA 1537, TA 1538, TA 98 and TA 100.  It was positive in the desiccator 3 
system, with the increase of revertants about 2-fold with S-9, and about 3-fold without S-9 4 
preparation.   5 
 6 


The alkylation and mutagenicity of MeI and other test compounds were compared using 7 
epichlorohydrin as the reference (Hemminki et al., 1980).  Only summary results were provided 8 
in this report.  Alkylation rates were measured using two substrates: a synthetic electrophile, 4-9 
(p-nitrobenzyl)-pyridine, and deoxyguanosine.  With both substrates, MeI alkylation rate was 10 
27% of epichlorohydrin rate.  These investigators also examined the mutagenicity of MeI using 11 
the E. coli WP2 uvrA assay.  Methyl iodide was found to be mutagenic, 90% as active as 12 
epichlorohydrin in a test system without liver S9 activation preparation.   13 


 14 
Methyl iodide was mutagenic at cytotoxic levels, assayed by E. coli WP2 revertant cell 15 


counts (Takahashi and Kawazoe, 1987).  It was considered a “chemoselective methylating 16 
agent,” as it effectively activated the alkA gene, but had only weak activation of the umuC’ gene, 17 
in contrast to more reactive chemicals such as MMS.  The investigators proposed that MeI 18 
stimulated the bacterial “adaptive response” (which increases cell repair activity in the presence 19 
of methylating agents) by direct methylation of a key methyltransferase.  The USEPA noted this 20 
study provided a possible mechanism for MeI induction of the adaptive response in bacteria 21 
(McCarroll, 2005).  In addition, these assays measured cellular release of β-galactosidase (a 22 
marker of both adaptive and SOS responses) at much lower MeI dose levels than the 23 
concentration determined to be cytotoxic in the Ames test submitted to fill FIFRA guideline 24 
requirements. 25 


 26 
In a screening study, MeI was one of 101 chemicals tested in Saccharomyces cerevisiae 27 


D3 heterozygous for mutation ade2 (Simmon, 1979b).  Recombinants, which are homozygous 28 
for ade2, have a red pigment, which serves as the test endpoint.  Methyl iodide was positive for 29 
recombinants, when incubated with and without rat liver S9 preparation.   30 


 31 
Methyl iodide increased the mutation rates in CHO cells at the HGPRT locus (Amacher 32 


and Zelljadt, 1984).  From 0.5 µg/mL to 3.0 µg/mL, the revertant rates were 3-fold, 8.5-fold, and 33 
5.7-fold higher than that for the control, with the lower number at 3.0 µg/mL likely due to 34 
cytotoxicity (60% survival for this dose).  The investigators concluded that MeI at the dose range 35 
tested, was positive for point gene mutations.   36 


 37 
 Methyl iodide was tested in mouse lymphoma mutation assay (with or without rat liver S-38 
9 preparation) at two loci: the rapidly-expressing TK locus and the slowly expressing HGPRT 39 
locus (Clive et al., 1979).  Clive et al. indicated that some carcinogens positive at the TK locus 40 
could be non- or very weakly mutagenic at the HGPRT locus, because the latter change could be 41 
diluted during a long expression time.  At the TK+/- locus for MeI, the greatest sensitivity was 42 
following short exposure intervals and shorter expression periods (mutagenic at 48 or 72 hour 43 
expression, but not after 144 hour expression).  At less than 90% lethality, the only positive 44 
finding with MeI treatment was a marginal increase in total mutant (TK-/-) colony counts after 45 
incubation in the presence of S-9 for 4 hours, and 48-hour expression time.  The colonies were 46 
classified as small, which the investigators indicated as a result of chromosomal aberration (large 47 







Draft – Do not cite or quote –draft MeI RCD Vol. I- March 9, 2009 


 71


colonies would be the result of gene or point mutation).  Severe toxicity (≤ 40% survival) was 1 
noted at ≥ 60 µg/mL.  At these test concentrations, results were negative at the HGPRT locus.   2 
 3 


Methyl iodide, at a cytotoxic level, was one of the chemicals in a method development, 4 
which used increased mutation frequencies in L5178Y/TK+/- mouse lymphoma cells to illustrate 5 
the utility of the “SES” [sequester, express, and select] technique (Moore and Clive, 1982).  6 
Genotoxicity, due to chromosomal aberrations, was noted as the prevalence of small colonies 7 
elicited by MeI.  There was some apparent mutagenicity response at various dose levels 8 
including one, which allowed 58% survival.  Only reduced data (plots) were presented.   9 
 10 


In other experiments using the L5178Y/TK+/- mouse lymphoma cells, MeI (without rat 11 
liver S-9 preparation) increased the frequencies of colonies in the dose range associated with 12 
20% to 60% survival, with small colonies being prevalent (Moore et al., 1985a and b).  A figure 13 
in the report (Moore et al., 1985a) identified the bimodal distribution of large and small colonies 14 
at less-toxic dose levels.  A prevalence of small colonies was an indication of clastogenic 15 
activity.   16 


 17 
L5178Y/TK+/- mouse lymphoma cells incubated with MeI showed elevated mutant 18 


frequency over controls at about 3.75 and 5 μg/mL, corresponding to 40% to 60% reductions in 19 
relative growth in the ouabain-resistant locus gene mutation assay (Amacher and Dunn, 1985).  20 
Maximum increase at about 3.75 μg/mL was approximately 5-fold over concurrent controls.  21 
Both large and small ouabain-resistant colonies were observed, suggesting to investigators that at 22 
least some of the mutants reflected point mutations.   23 
 24 
III.E.2.b.  Other Genotoxic Effects 25 
 26 


In a test for the morphological transformation of mouse embryo cell line (C3H/10T1/2 27 
CL8 cells) by alkylating agents, MeI was negative (Oshiro et al., 1981).  Other compounds, 28 
including MNNG and β-propiolactone, were positive in this test system. 29 
 30 


Methyl iodide was one of many test chemicals in a carcinogen screening assay based on 31 
the morphological transformation of Golden Syrian Hamster embryo cells derived from 32 
cryopreserved primary cultures (Pienta et al., 1977).  Tests included several hundreds of control 33 
group dishes, and tens of thousands of control colonies, all of which were negative.  For MeI, the 34 
ratios of transformed colonies/surviving colonies were 0/400 (control), 0/624 (0.1 μg/mL), 2/609 35 
(1 μg/mL), 1/673 (10 μg/mL), and 0/207 (100 μg/mL).  DPR considered the study to be positive 36 
for MeI considering the extreme rarity of transformed colonies in the control. 37 
  38 


Human lymphoblast cells or DNA extracted from lymphocytes of male donors were 39 
incubated with MeI at 80 mM or 160 mM, and compared with iodoethane (Cloutier et al., 2001).  40 
Alkylation was measured along the sequences of the promoter and exon 1 of the Fragile-X 41 
mental retardation 1 (FMR1) gene, and was detected using ligation-mediated polymerase chain 42 
reaction.  Both MeI and iodoethane, as representatives of SN2 alkylating agents, caused the 43 
formation of hyper-reactive sites at two guanine positions of the gene.  The methylating 44 
frequency at one of the guanine positions for MeI was 2-fold higher than that for iodoethane.  45 
The distribution patterns of alkylated guanines were similar for the in vivo and in vitro studies.  46 
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The authors considered these hyper-reactive sites as hotspots for damage, which if left 1 
unrepaired, could lead to mutation.   2 


 3 
F344 rats were exposed to 54 μmol/animal of 14C-MeI by inhalation for 6 hours or to a 4 


single oral gavage dose of 7.2 μmol/animal of 14C-MeI (Gansewendt et al., 1991).  The animals 5 
were sacrificed immediately after inhalation exposure, or 24 hours after oral exposure.  DNA 6 
was isolated from liver, lung, stomach, and forestomach, and subjected to nucleotide analysis.  7 
Detectable radioactivity was found in the isolated DNA of all tissues.  The highest tissue uptake 8 
(dpm/mg DNA) was in stomach, followed by forestomach, with less in liver and lung for both 9 
routes of exposure.  After oral exposure, label incorporation, as 7-methylguanine, was 2 to 10 10 
times higher than of O6-methylguanine.  Relative tissue distribution of radioactivity following 11 
inhalation exposure to 14C-MeI was comparable to that for the oral route.  However, the ratios of 12 
7-methylguanine to O6-methylguanine were lower, ranging from 1:1 to 2:1.  The presence of 3-13 
methyl adenine was also detected.  Since the labeled nucleotides co-eluted with naturally 14 
occurring nucleotides, a “major part” of 14C incorporation into the DNA was due to de novo 15 
synthesis of nucleotides, rather than direct alkylation of existing nucleotides.  However, the 16 
investigators did conclude that MeI has a systemic genotoxic effect in rats.  The USEPA 17 
considered the presence of 7-methylguanine, O6-methylguanine, and 3-methyladenine as 18 
evidence of MeI direct DNA methylation (McCarroll, 2005).   19 


 20 
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Table 30.  Genotoxicity of MeI.   1 
Test type/System Results References 


FIFRA Guideline Studiesa 


Gene mutation 
Salmonella typhimurium strains 
TA98, TA100, TA1535, and 
TA1537 and Escherichia coli 
strain WP2 uvrA 


No increase in reversion frequency *Wagner and Dakoulas, 
2001 


Chinese hamster ovary cells  No increase in mutation at the HGPRT 
locus 


San and Clarke, 2001 


Structural chromosomal aberrations 
Chinese hamster ovary cells Induction of structural chromosomal 


aberrations.  No induction of numerical 
chromosomal aberrations 


*Gudi and Brown, 2001  


Other effects 
ICR mice  
intraperitoneal injection 


No damage to micronucleated 
polychromatic erythrocytes from bone 
marrow 


*Gudi and Krsmanovic, 
2001 


Published Studies 
Gene mutation and chromosomal aberrations 


TA 1535: positive 
TA 1538: negative 


Rosenkranz and Poirier, 
1979 


Salmonella strains  


Standard petri dish system: negative 
Closed system: positive 


Simmon et al., 1977; 
Simmon, 1979a 


Positive Hemminki et al., 1980 Escherichia coli strain WP2 uvrA 
Positive (at cytotoxic level) Takahashi and Kwazoe, 


1987 
Saccharomyces cerevisiae Positive Simmon, 1979b 
Chinese hamster ovary cells Increased mutant colonies (point 


mutation) at the HGPRT locus 
Amacher and Zelljadt, 
1984 


Mouse lymphoma cell mutation 
assay 


Increased mutant colonies 
(chromosomal aberration) at the  
TK+/- locus 


Clive et al., 1979; 
Moore and Clive, 1982; 
Moore et al., 1985a 


Mouse lymphoma cell mutation 
assay 


No mutation at the HGPRT locus Clive et al., 1979 


Mouse lymphoma cell mutation 
 


Increased mutant colonies 
(chromosomal aberration and point 
mutation) at ouabain-resistant locus 


Amacher and Dunn, 
1985 


Other Effects  
Mouse embryo cell line 
(C3H/10T1/2 CL8 cells) 


Negative for morphological 
transformation 


Oshiro et al., 1981 


Golden Syrian hamster embryo 
cells 


Positive for morphological 
transformation 


Pienta et al., 1977 


Human lymphoblasts and DNA 
from lymphocytes 


Alkylation of guanines Cloutier et al., 2001 


Rats 
gavage or inhalation 


Alkylation of guanines and adenine in 
tissue DNA 


Gansewendt et al., 1991 


a/ These studies were submitted to DPR as mandated by SB 950, with * indicating the study was acceptable to DPR. 2 
 3 
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III.F.  Reproductive Toxicity 1 
 2 
Summary: In the definitive 2-generation study with rats exposed to MeI via inhalation, the 3 
parental effects included organ weight changes (liver, adrenal, and thymus), reduced body 4 
weights, and degeneration of the olfactory epithelium for the parents.  The reproductive effects 5 
included increased primordial follicles, reduced corpora lutea, as well as decreased implantation 6 
sites and live litter size.  The developmental effects reported were decreased pup body weights 7 
and viability, and delayed development as measured by vaginal patency and balanopreputial 8 
separation.   9 
 10 
III.F.1.  Rat - Inhalation 11 
 12 


A range-finding study on 3 phrases of a 2-generation reproductive toxicity study was 13 
conducted with Crl:CD(SD)IGS-BR rats to determine the appropriate doses for the definitive 14 
study (Nemec, 2004).   15 
 16 
In the pre-mating exposure phase study, rats (10/sex/group) were exposed to MeI (purity 99.7%; 17 
analytical concentrations of 0, 25, 73, or 148 ppm, with the high dose reduced to 99 ppm on day 18 
8) by inhalation for 6 hours per day for 28 days prior to mating (Nemec, 2004).  Pregnant rats 19 
continued their exposures to gestation day (GD) 11.  The high dose was lethal with 11 rats (6 20 
males, 5 females) that died or were killed moribund (often preceded by clinical signs) during the 21 
first week.  Following reduction of MeI to 99 ppm for this group, an additional 7 rats died.   22 
 23 
During premating, 73 ppm exposure resulted in reduced mean body weights of both genders 24 
(significant at p<0.05) starting on days 11 and 18 for males (92 to 83% of control), and females 25 
(91% to 90% of control), respectively, for the entire study.  This was reflected in the lower mean 26 
body weight gain and food consumption, with values for some time intervals at statistical 27 
significance (p<0.05).  During gestation, the pregnant rats showed significantly reduced body 28 
weight for all intervals (89% to 87% of control for day 0 to day 13), as well as decreased body 29 
weight gain and food consumption.  The mean absolute brain, liver, and kidney organ weights 30 
were significantly (p<0.05 or 0.01) reduced (about 10%, except 20% for female kidneys), while 31 
the thyroid weight was significantly increased (by 40%, p<0.05) in the males in this group.  32 
Laparohysterectomy on GD 13 showed effects only for the 73 ppm group, but the values were 33 
not statistically significant different than the controls.  They included: reduced mean number of 34 
implantation sites (15.2/litter control vs. 13.0/litter treated), viable embryos (97.9%/litter control 35 
vs.  89.5%/litter treated), as well as increased early resorption (2.1%/litter control vs.  36 
10.5%/litter treated), pre-implantation loss (6.2%/litter control vs.  16.8%/litter treated), and 37 
post-implantation loss (2.1%/litter control vs.  10.5%/litter treated).  For comparison between 38 
studies in risk assessment, the 25 ppm (34 mg/kg/day) dose could be considered a NOEL.   39 
 40 
In the reproductive toxicity phase study, pregnant rats (15/group) were exposed to MeI (purity 41 
99.7%; analytical concentrations of 0, 25, 72, or 99 ppm) by inhalation for 6 hours per day 42 
during GD 0 to 20, and on lactation days (LD) 5 to 20 (total exposure of 37 days) (Nemec, 43 
2004).  One F1 pup of each gender from the control and 25-ppm group were further exposed to 44 
MeI during postnatal day 22 through 26.  At 99 ppm, 12/15 dams died or were killed moribund.  45 
One 72-ppm dam died.  These deaths were attributed to treatment.  The 72-ppm dams had 46 
significantly reduced body weight, body weight gain, and food consumption.  While the mean 47 
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number of pups born, implantation sites and unaccounted sites were not affected by any dose, 1 
reduced mean live litter size, postnatal survival, pup weight gain, and increased pup death were 2 
reported for the 72-ppm group.  No significant treatment-related effects were observed at 25 3 
ppm.  For comparison between studies in risk assessment, the 25 ppm (34 mg/kg/day) dose could 4 
be considered a NOEL. 5 
 6 
In the subchronic toxicity phase study, rats (10/sex/group) were exposed to MeI (purity 99.7%; 7 
analytical concentrations of 0, 25, 72, or 99 ppm) by inhalation 6 hours per day, 5 days per week, 8 
for 4 weeks (Nemec, 2004).  At 72 and 99 ppm, there were significant reductions in body weight 9 
gains (both genders) and food consumption (males only).  Several hematology and clinical 10 
chemistry changes were statistically significant (p<0.01), possibly due to treatment; they 11 
included: increased mean albumin (99 ppm), A/G ratio (99 ppm, females only), globulin (99 12 
ppm), total protein (99 ppm), and cholesterol (75 and 99 ppm); and reduced phosphorus (75 and 13 
99 ppm) levels.    14 
 15 
Histopathology was assessed only in controls and high dose rats.  Histopathology effects at 99 16 
ppm included: hypertrophy of the pituitary pars distalis, degeneration of nasal epithelium, and 17 
thyroid hyperplasia and degeneration.  For comparison between studies in risk assessment, the 25 18 
ppm (24 mg/kg/day) dose could be considered a NOEL. 19 
 20 
 In the definitive study, Sprague-Dawley Crl:CD(SD)IGS-BR rats (30/sex/group) received 21 
daily 6-hour (7 days/week) whole-body inhalation exposure to MeI (purity 99.7%; 0, 5, 20, and 22 
50 ppm) through 2 generations (Nemec, 2001- interim report, 2002a-final report, 2002b- 23 
amendment).  The mean analytical concentrations for both generations were 5, 20 and 50 ppm 24 
(F0-parental: 5, 20, and 50 ppm; F1: 5, 21, and 49 ppm).  The exposure concentrations were 25 
0.03, 0.11, and 0.28 mg/L at 5, 20, and 50 ppm, respectively with equivalent dosages at 7, 27, 26 
and 68 mg/kg/day.   27 
 28 
Parental animals were exposed for at least 10 weeks prior to mating, and daily during mating 29 
through GD 20.  There was no exposure between GD 21 and LD 4, resuming on LD 5 to 30 
weaning.  During lactation, the dams were removed from their litters for the 6-hour exposure 31 
period.  The F1 parental animals were not exposed between postnatal days 22 and 28 due to 32 
excessive mortality in all study groups, with exposure resumed on day 28.  The offspring (F1 33 
pups from F0 males/females, F2 pups from F1 males/females) were thus exposed in utero to GD 34 
20, and via nursing during LD 5 to 21.   35 
 36 
For the adults, clinical observations and physical examinations showed no treatment-related 37 
effects.  Mean body weights were lower for the 50-ppm groups with statistical significance noted 38 
for the F0 females during premating and gestation periods, the 50 ppm F1 males during 39 
premating, and the 50 ppm F1 females during gestation period (Tables 28 and 29).  The organ 40 
weights for liver, adrenal gland, and thymus were significant affected by treatment (Tables 28 41 
and 29).  The mean and/or relative weights were increased for liver (50 ppm) and thymus (20 42 
ppm males, 50 ppm both genders), and decreased for adrenal gland (50 ppm).  However, there 43 
were no correlating microscopic changes in these organs.  Thyroid organ weight was not 44 
measured.   45 
 46 
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Histopathological examination of the adult tissues showed increased incidences of olfactory 1 
epithelium degeneration for both generations at 50 ppm (Tables 31 and 32).  For the males, the 2 
incidences for the F0 were higher than those for F1, which had much longer exposures (during in 3 
utero as F0 offspring, and as F1) (Table 31).  On the other hand, the total incidences for all sites 4 
were similar for the F0 and F1 females (Table 32).  The degeneration was graded minimal to 5 
mild with one incident at moderate for a 50 ppm F0 male.  It was described as loss of 6 
sustentacular cells, vacuolation and desquamation of neuroepithelial cells.  "Attempted" 7 
regeneration was noted by the presence of ciliated columnar epithelium.  No treatment-related 8 
effects were noted in other organs (including the thyroid) by macroscopic examination.   9 
 10 
The effect of MeI on reproductive parameters is shown in Table 32.  The mean numbers of 11 
primordial follicles and corpora lutea in the ovaries of the 50-ppm F1 females were significantly 12 
increased (20%) and decreased (20%), respectively, from those of the controls.  At 50 ppm, the 13 
mean number of implantations per dam was the same as the control for the F0 generation, but 14 
was fewer (11.7) than that of the control (15.2) for the F1 generation.  The mean litter sizes for 15 
the 50-ppm group of both generations were reduced with statistical significance for the F1 16 
generation.   17 
 18 
The pups from the F1 parents showed reduced body weight, viability, and delayed development 19 
(Table 33).  While the mean body weights of the F0 pups were not affected, those for the 20 and 20 
50-ppm F1 pups were significantly less than those of the control on post-natal days 14 and 21.  21 
The mean body weight for 5 ppm females was significantly reduced on day 1 and day 14, but the 22 
reduction was less than 10%.  The viability index for the 50 ppm pups of both generations was 23 
lower than that of the controls with most of the pup deaths occurring within the first 24 hours as 24 
indicated by the reduction of the first survival index.  For F1 pups, there was also significant 25 
reduction in fetal viability from day 1 to day 4.  Developmental landmark was measured only for 26 
F1 pups, not F2 pups, and showed delayed development.  Of the 50-ppm F1 male pups, the mean 27 
body weight when balanopreputial separation occurred was less than that of the controls.  For the 28 
F1 20 and 50-ppm female pups, the mean number of days required to achieve vaginal patency 29 
was significantly increased over that of the controls.    30 
 31 
The parental NOEL was 20 ppm (27 mg/kg/day) based upon lower mean body weights and 32 
degeneration of olfactory epithelium at 50 ppm (68 mg/kg/day).  The reproductive NOEL was 33 
also 20 ppm based upon reduced live litter size for both generations of the 50-ppm group.  The 34 
developmental NOEL was 5 ppm (7 mg/kg/day) based upon lower mean body weights and 35 
delayed development (females) of the 20-ppm pups.  This study was considered acceptable to 36 
DPR according to FIFRA guidelines.  The developmental NOEL of 5 ppm will be used as one of 37 
the critical NOEL for subchronic toxicity (Section IV.A.2.).  38 
 39 
The USEPA established a systemic parental NOAEL of 20 ppm for decreases in body weight, 40 
body weight gain, changes in organ weights, as well as gross pathology and histopathological 41 
findings at 50 ppm (MRID 45710301; USEPA, 2006a).  The port of entry NOAEL was 20 ppm 42 
based on degeneration of the olfactory epithelium.  The offspring NOAEL was 5 ppm based on 43 
decreases in body weight, body weight gain, and thymus weight.  The reproductive NOAEL was 44 
5 ppm for the delay in attainment of vaginal patency.   45 
 46 
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Table 31.  Effects in male parental rats exposed to MeI by inhalation in a two-generation 1 
reproductive toxicity study.a 2 


 3 
Doses Effects 


ppm 
mg/kg/day 


0 
0 


5 
7 


20 
27 


50 
68 


Clinical observations and measurements 
F0 (parental) Males 
Mean body weight (g) 
-Week 10 premating 


 
 
503 


 
 
502 


 
 
508 


 
 
485 


F1 Males 
Mean body weight (g) 
-Week 10 premating 


 
 
503 


 
 
512 


 
 
501 


 
 
466** 


Mean absolute (g) and relative organ (%) weights 
F0 (parental) Males 
Liver -absolute 
         -relative 
Adrenal glands-absolute 
                        -relative 
Thymus-absolute 
             -relative 


 
  19.0 
    3.39 
    0.066 
    0.012 
    0.226 
    0.041 


 
 19.5 
   3.41 
   0.067 
   0.012 
   0.241 
   0.043 


 
19.9 
  3.47 
  0.062 
  0.011 
  0.284** 
  0.050* 


 
20.7 
  3.78** 
  0.056** 
  0.010** 
  0.267 
  0.049* 


F1 Males 
Liver -absolute 
         -relative 
Adrenal glands-absolute 
                        -relative 
Thymus-absolute 
             -relative 


 
 19.7 
   3.43 
   0.062 
   0.011 
   0.238 
   0.042 


 
 19.9 
   3.40 
   0.062 
   0.011 
   0.261 
   0.045 


 
20.7 
  3.59 
  0.058 
  0.010 
  0.286* 
  0.050* 


 
19.6 
  3.73** 
  0.049** 
  0.009** 
  0.281* 
  0.054** 


Degeneration of the olfactory epithelium (total for all severity/no.  examined)b 


F0 (parental) Males 
Level II  
Level III 
Level IV 


 
0/30** 
1/30** 
0/30** 


 
0/30 
0/30 
0/30 


 
0/30 
0/30 
0/30 


 
14/30** 
11/30** 
10/30** 


F1 Males 
Level II  
Level III 
Level IV 


 
0/29** 
0/29** 
0/29* 


 
0/29 
0/29 
0/29 


 
0/29 
0/29 
0/29 


 
 5/28* 
 4/28 
 2/28 


a/ Data from Nemec (2002a and b).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance 4 
in trend by the Cochran-Armitage Trend test is denoted at the control value.   5 


b/ All degeneration was graded as minimal or mild, except one was moderate at Level III of 50 ppm. 6 
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Table 32.  Effects in female parental rats exposed to MeI by inhalation in a two-generation 1 
reproductive toxicity study.a 2 


Doses Effects 
ppm 


mg/kg/day 
0 
0 


5 
7 


20 
27 


50 
68 


Clinical observations and measurements 
F0 (parental) Females 
Mean body weight (g) 
-Week 10 premating 
-Day 20 gestation 


 
 
303 
430 


 
 
303 
429 


 
 
298 
419 


 
 
285** 
399** 


F1 Females 
Mean body weight (g) 
-Week 13 premating 
-Day 20 gestation 


 
 
291 
419 


 
 
306 
439 


 
 
304 
424 


 
 
280 
385** 


Mean absolute (g) and relative organ (%) weights 
F0 (parental) Females 
Liver -absolute 
         -relative 
Adrenal glands-absolute 
                        -relative 
Thymus-absolute 
             -relative 


 
12.6 
  3.75 
  0.080 
  0.024 
  0.262 
  0.078 


 
13.1 
  3.94 
  0.079 
  0.024 
  0.267 
  0.080 


 
12.8 
  3.95 
  0.079 
  0.024 
  0.261 
  0.081 


 
13.6 
  4.33** 
  0.068** 
  0.022* 
  0.276 
  0.088 


F1 Female 
Liver -absolute 
         -relative 
Adrenal glands-absolute 
                        -relative 
Thymus-absolute 
             -relative 


 
12.5 
  3.84 
  0.080 
  0.025 
  0.285 
  0.088 


 
13.2 
  3.86 
  0.080 
  0.024 
  0.304 
  0.090 


 
13.4 
  4.04 
  0.074 
  0.022* 
  0.277 
  0.084 


 
13.0 
  4.22** 
  0.063** 
  0.021** 
  0.274 
  0.089 


Degeneration of the olfactory epithelium (total for all severity/no.  examined)b 
F0 (parental) Females 
Level II  
Level III 
Level IV 


 
0/30** 
0/30** 
0/30** 


 
0/30 
0/30 
0/30 


 
0/30 
0/30 
0/30 


 
11/30** 
10/30** 
  6/29* 


F1 Females 
Level II  
Level III 
Level IV 


 
0/29** 
0/29** 
0/29** 


 
0/29 
0/29 
0/29 


 
2/30 
0/30 
0/29 


 
  7/30** 
  7/30** 
  3/30 


Reproductive Effects 
F1 Females 
Primordial folliclesc (mean) 
Corpora luteac (mean) 


 
132.9 
172.1 


 
NA 
NA 


 
NA 
NA 


 
158.4* 
138.4* 


F0 and F1 parents 
Mean number of implantations  


  F0       F1  
 15.6     15.2 


  F0      F1 
16.0    16.2 


  F0      F1 
15.6    14.9 


  F0      F1 
15.4     11.7** 


F1 and F2 pups 
Mean pups/litter born on Day 0 
Mean live pup/litter born on Day 0 


  F1      F2 pups 
 14.4     14.3 
 14.2     13.9 


 F1     F2 pups   
15.0    15.3 
14.8    14.9 


 F1    F2 pups 
14.4    13.8 
14.1    13.6 


 F1     F2 pups 
13.8     11.0** 
12.5     10.5** 


a/ Data from Nemac (2002a and b).  *, ** for statistical significance at p<0.05 and <0.01, respectively.  Significance in trend by 3 
the Cochran-Armitage Trend test is denoted at the control value.  NA=data not available because they were not collected. 4 


b/ All degeneration was graded as minimal or mild. 5 
c/ Combined mean of 10 sections/animals 6 
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Table 33.  Effects in rat pups exposed to MeI in utero in a two-generation reproductive 1 
toxicity study.a 2 


 3 
Parental Doses Effects 


ppm 
mg/kg/day 


0 
0 


5 
7 


20 
27 


50 
68 


Mean pup weight in grams (% control) 
F1 pups 
Day 1-males 
         -females 
Day 7-males 
         -females 
Day 14-males 
           -females 
Day 21-males 
           -females 


 
  7.2 
  6.9 
15.0 
14.3 
29.7 
28.3 
45.1  
42.9  


 
  6.9 
  6.4* (93%) 
14.8  
13.4 
28.7 (97%) 
26.4*(93%) 
44.4 (98%) 
40.6 (95%) 


 
  7.1 
  6.6 
14.5 
13.4 (94%) 
26.8** (90%) 
25.3** (89%) 
38.7** (86%) 
37.2** (87%) 


 
  7.2 
  6.8 
13.6* (91%) 
13.0   (91%) 
24.3** (82%) 
23.3** (82%) 
36.2** (80%) 
35.0** (82%) 


Pup viability (%/litter) 
F1 pups 
Survival index (day 0 to day 1) 
Survival index (day 1 to day 4) 


 
98.0±4.49 
99.4±1.62 


 
99.0±3.08 
96.5±6.86* 


 
98.2±3.54 
98.1±5.18 


 
82.6±23.09** 
87.2±31.58** 


F2 pups 
Survival index (day 0 to day 1) 
Survival index (day 1 to day 4) 


 
99.5±1.86 
98.8±5.09 


 
99.3±1.99 
98.6±2.82 


 
99.4±2.78 
99.7±1.49 


 
92.2±13.41** 
95.8±12.37 


Balanopreputial Separation, F1 pups 
Mean number of days to separation 
Mean body weight (g) at separation 


  46.5±2.58 
219.5±20.62 


  45.1±2.97 
218.5±16.13 


  46.4±2.82 
213.6±20.40 


  47.0±2.82 
203.4±14.66**


Vaginal patency, F1 pups 
Mean number of days to patency 
Mean body weight (g) at patency 


  37.0±2.34 
119.8±14.11 


  37.9±2.68 
125.4±12.78 


  38.8±3.38* 
130.2±18.52 


  40.0±3.17** 
128.3±18.05 


a/ Data from Nemec (2002a and b).  % of control in parenthesis.  *, ** for statistical significance at p<0.05 and 4 
<0.01, respectively. 5 


b/ Survival= Σ (viable pups per litter at the end of interval/viable pups per litter at the start of interval) x 100 6 
                                                                 No. litter per group7 
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III.G.  Developmental Toxicity 1 
 2 
Summary: Pregnant rats and rabbits exposed to MeI by inhalation during gestation showed 3 
reduced body weight gain.  In treated pregnant rabbits, changes in some parameters of 4 
hematology and clinical chemistry, and thyroid hormone levels were reported.  No 5 
developmental toxicity was observed in rats under the experimental conditions used.  With 6 
rabbits, there was reduced litter size, fetal weight, and viability, with increased incidences of late 7 
resorption and fetal death.  The critical time of exposure was between GD 23 and 26 for the 8 
induction of late resorption.  Histopathology of the thyroid (decreased colloid, and follicular cell 9 
hypertrophy) was observed for both maternal and fetal rabbits.    10 
 11 
III.G.1.  Rat - Inhalation 12 
 13 
 Mated Crl:CD(SD)IGS-BR female rats (24/group) were exposed to MeI (purity 99.7%; 14 
analytical concentrations: 0, 5, 20, and 60 ppm) by whole-body inhalation daily for 6 hours, 7 15 
days per week on GD 6 through 19 (Nemec, 2002c).  All animals were sacrificed on GD 20.  16 
Calculated exposure concentrations were 0.03, 0.11, and 0.34 mg/L, respectively, with the 17 
equivalent dosages at 7, 27, and 81 mg/kg/day, respectively.  No treatment-related clinical signs 18 
were reported.  Statistically significant reductions (19% and 14.5%) in maternal body weight 19 
gains for GD 6 through 20 and days 0 through 20, respectively, were recorded for the 60-ppm 20 
group.  The body weight effects occurred on two occasions.  On the first three days of exposure 21 
(GD 6 to 9), the 60-ppm rats did not have any weight gain compared to 7 to 9 grams for other 22 
groups.  For this high dose group, the weight gain was similar to the other groups from GD 10 to 23 
18, but was lower (12 grams compared to 14 to 17 grams for the other groups) for GD 19 to 20.  24 
The maternal NOEL was 20 ppm (27 mg/kg/day) for reduced body weight gain.  No 25 
developmental effects were observed, with a NOEL of 60 ppm (81 mg/kg/day), the highest dose 26 
tested.  This study was considered acceptable to DPR according to FIFRA guidelines.  The 27 
USEPA also established the maternal and developmental NOAELs at the same levels (MRID 28 
45593812; USEPA, 2006a).   29 
 30 
III.G.2.  Rabbit - Inhalation 31 
 32 
 Inseminated New Zealand White female rabbits (24/group) were exposed to MeI (purity 33 
99.7%; 0, 2, 10, and 20 ppm) for 6 hours per day, 7 days per week by whole body inhalation 34 
exposure from GD 6 through 28, and sacrificed on day 29 (Nemec, 2002d).  The calculated 35 
exposure concentrations were 0.011, 0.057, and 0.113 mg/L, respectively.  The equivalent 36 
dosages were 1.5, 8, and 16 mg/kg/day.  A statistically significant reduction (47%) in body 37 
weight gain was recorded for GD 6 through 29 at 20 ppm (Table 34).  This was primarily due to 38 
a body weight loss of 12 grams on GD 24 to 25.  These does continued to lose weight with a loss 39 
of 71 grams from GD 24 to 29.  Body weight loss was lower for the 2-ppm and 10-ppm groups.  40 
The mean gravid uterine weight was also reduced at 10 ppm and 20 ppm (p<0.05).  The 41 
decreases in the number of implantations per dam for the treated groups were not statistically 42 
significant.  The only treatment-related clinical sign was wet clear matting around the nose at 43 
higher incidences for the treated groups when compared to the control (Table 34).  This finding 44 
was described as "slight", and was observed primarily during the last week of exposure.   45 
 46 
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Table 34 shows the fetal data expressed for all litters for the following discussion, as well as 1 
those with the exclusion of litters with 100% early resorption.  The values for the latter category 2 
will be discussed in Appendix A in the comparison of studies, and are presented here for 3 
completeness.  While no significant teratogenic effects were observed with treatment, adverse 4 
effects included reduced viability and fetal weight, as well as increased late resorption and post-5 
implantation loss at 10 and 20 ppm.  The mean fetal body weight was reduced for all dosed 6 
groups with statistical significance at 10 ppm (females, 88% of control), and 20 ppm (both 7 
genders, 84% and 70% of control).   8 
 9 
There was a dose-related decrease in the number of viable fetuses, which was statistically 10 
significant at 20 ppm with mean of 3.6 fetus/litter, compared to 6.1 fetuses/litter in the control 11 
group.  The reduction in viable fetuses was associated with post-implantation loss due to dose-12 
related increase in late resorption and fetal death, and not early resorption.  For late resorption, 13 
both the numbers of fetuses resorbed and affected litters were increased with treatment.  When 14 
expressed as % fetuses/litter, the incidences were 11.1% at 10 ppm and 21.5% at 20 ppm 15 
(p<0.01).  While statistical significance was reported only for the 20-ppm group, the result for 16 
the 10-ppm group was considered toxicologically significant because of an almost 7-fold 17 
increase from the control (1.7%).  In addition, dead fetuses were found in both the 10-ppm and 18 
20 ppm groups.  From 36 studies conducted from 1999 to 2004, the historical control data (% 19 
fetus/litter) showed the following values (mean and range): post-implantation loss (9.3±4.7%, 20 
2.5 to 23.4%), early resorption (8.2±4.8%, 2.1 to 22.7), late resorption (1.1±1.0%, 0 to 3.7%), 21 
and fetal death (0.1±0.2, 0 to 0.6%) (WIL Research Laboratories, 2006).  For the same duration, 22 
the mean number of implantations/dam was 6.9±0.7 with a range of 5.3 to 8.1.  While the thyroid 23 
and its function were not evaluated in this study, Sloter (2005b) showed that 20-ppm MeI caused 24 
thyroid follicular cell hypertrophy in rabbit fetuses. 25 
 26 
The developmental NOEL was 2 ppm (1.5 mg/kg/day) for the effects on reduced fetal weight 27 
and viability; and increased late resorption and fetal death at 10 ppm and 20 ppm.  This is 28 
consistent with the NOEL determined by the study author.  The maternal NOEL was 10 ppm (8 29 
mg/kg/day) for body weight loss at 20 ppm (16 mg/kg/day).  This study was considered 30 
acceptable to DPR according to FIFRA guidelines.  This NOEL will be considered as one of the 31 
critical NOELs for acute toxicity (Section IV.A.1.).    32 
 33 
The USEPA established a higher developmental NOEL of 10 ppm based on statistically 34 
significant increased fetal losses and decreased fetal weight (↓20%) at 20 ppm (MRID 35 
45593811; USEPA, 2006A).  The maternal NOEL was 20 ppm for lack of effects observed at 36 
this dose, the highest dose tested.    37 
 38 
 39 
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Table 34.  Maternal and fetal effects in rabbits exposed to MeI by inhalation during 1 
gestation days 6 to 28.a 2 


Doses Effects 
ppm 


mg/kg/day 
0 
0 


2 
1.5 


10 
  8 


20 
16 


Maternal Data 
Mean maternal body weight changes (g) during gestation 
GD 6-29 
GD 24-25 
GD 24-29 


262 
    7 
  27 


305 
  -5 
  -5 


219 
   3 
  -4 


138* 
-12 
-71* 


Mean gravid uterine weight (g) 390.6 353.0 319.8 269.1* 
Number implantation/dam 6.8±2.2 6.1±2.9 5.9±2.7 5.6±2.9 
Clinical observations (total occurrences/ number of animals) during gestation 
Wet clear matting around nose 35/10 83/18 92/17 117/20 
Fetal Data 


Total Litters with implantation 23 20 20 21 
Fetal body weight (g, % control) 
Mean male  
Mean female  


 
46.8±5.70 
46.9±5.48 


 
45.6±6.7 (97%) 
44.6±7.1 (95%) 


 
44.3±7.4 (95%) 
41.3±7.4* (88%) 


 
39.5±7.1** (84%) 
37.0±7.5** (79%)


Viable fetuses                                                         


-live fetus/total litter 
-mean fetus/litter 
-% fetus/litter 


 
  140/23 
  6.1±2.6 
86.2±26.47% 


 
   109/20 
  5.5±2.6 
87.9±24.50% 


 
   91/20 
  4.6±2.6 
82.1±26.28% 


 
    76/21 
  3.6±2.2** 
67.7±29.96%** 


Post implantation lossb  
-affected litter/total litter 
-affected fetus/total litter 
-% fetus/litter 


   
    10/23* 
    17/23 
13.8±26.5% 


 
   8/20 
 13/20 
12.1±24.5% 


 
    9/20 
  26/20 
17.9±26.3% 


 
  16/21**   
   42/21 
32.3±30.0%** 


Early resorptions  
-affected fetus/total litter 
-% fetus/litter 


 
  14/23  
12.1±26.5% 


 
   7/20 
 9.0±22.4% 


 
    8/20 
6.2±10.3% 


 
   8/21 
10.1±22.7% 


Late resorptions 
-affected litter/total litter 
-affected fetus/total litter 
-mean fetus/litter 
-% fetus/litter 


   
   2/23* 
   3/23 
  0.1±0.46 
  1.7±6.2%   


 
   2/20 
   6/20 
 0.3±1.13 
 3.1±10.7%   


 
    6/20 
  17/20 
  0.9±1.60 
11.1±21.2%   


 
  11/21** 
  33/21 
 1.6±2.11 
21.5±26.9%**   


Fetal death  
-dead fetus/total litter 
-affected litter/total litter 
-% fetus/litter 


 
    0/23 
    0/23 
    0 


 
   0/20 
   0/20 
   0  


 
   1/20 
   1/20 
0.6±2.80 


 
   1/20 
   1/21 
0.8±3.64 


Exclusion of litters with 100% fetal loss due to early resorptionb 


Litters with 100% early resorption 1 1 0 1 
Late resorption and fetal deathc 


-affected litter/total litter 
-affected fetus/total fetus 
-% fetus/litter 


     
    2/22* 
    3/143* 
   1.8±6.4% 


 
    2/19 
    6/115 
3.3±10.9%  


   
   6/20c 


 18/109** 
11.1±21.2%   


  
11/20c, ** 
 34/110** 
22.5±27.2%** 


a/ Data from Nemec (2002d).  *, ** for statistical significance at p<0.05 and 0.01, respectively. Notation at the control indicates 3 
significant in trend. Mean fetus/litter= the quotient of affected fetus/total litter, % fetus/litter=group mean for % affected 4 
fetus in each litter, with % affected fetus = # fetuses affected/# total implantation sites x 100%.    5 


b/ Values discussed in Appendix A for this study.  Total litter= all, except litter with 100% resorption.  Total 6 
fetuses=viable+dead+late resorption.   7 


c/ 1 litter had both dead fetuses and late resorption. 8 
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 In a follow up study, the critical time of exposure for the induction of late resorption was 1 
examined (Nemec, 2003).  Artificially inseminated female New Zealand White rabbits 2 
(24/group) were exposed to MeI (purity 99.7%; analytical concentrations of 0 or 20 ppm; 0.11 3 
mg/L or 16 mg/kg/day) by whole-body inhalation on various days during gestation: 4 
 5 
 Group 1: Control Group 5: 20 ppm on GD 23 to 24 6 
 Group 2: 20 ppm on GD 6 to 28 Group 6: 20 ppm on GD 25 to 26 7 


Group 3: 20 ppm on GD 6 to 14  Group 7: 20 ppm on GD 27 to 28 8 
 Group 4: 20 ppm on GD 15 to 22 9 
  10 
All pregnant rabbits were sacrificed on GD 29.  Mean maternal body weight gains were 11 
significantly lower than that of the control only during the exposure period for each respective 12 
group.  The weight gain of Group 4 was only 71 grams (p<0.05) compared to 148 grams for the 13 
control.  Both Groups 5 and 6 showed weight loss (35 g and 48 g, respectively; p<0.01) during 14 
the treatment periods.  However, weight gain recorded after the treatment period was not 15 
significantly different than the control.  The weight loss of these groups was not associated with 16 
food consumption, which was not different than the control during the exposure days.   17 
 18 
Table 35 shows the fetal data expressed for all litters for the following discussion, as well as 19 
those with the exclusion of litters with 100% early resorption.  The values for the latter category 20 
are discussed in Hazard identificaton (under IV.A.1. Acute Inhalation Toxicity) to compare the 21 
number of fetuses or litters at risk between this study and the other Nemec study (2002d).  The 22 
critical time of exposure was between GD 23 and 26.  For the “all litters” data set, the fetal body 23 
weight for Groups 2 and 6 were lower than the other groups.  The mean number of live fetuses 24 
per litter for Group 2 was significantly lower than that of the controls.  There was no difference 25 
in the total litters with implantations.   26 
 27 
Post-implantation loss considers loss due to early resorption, late resorption, and born dead.  28 
After MeI exposure, the mean litter proportions of implantation loss for Group 2 (26.8% per 29 
litter) and Group 6 (20.6% per litter) were higher than the control (10.7%) (Table 35).  While this 30 
value for Group 2 was not statistically significant from the concurrent control, the report noted 31 
that it exceeded the maximum historical control value (23.1% per litter) for the conducting 32 
laboratory.  Early resorption was not affected by MeI exposure.  The late resorption incidence for 33 
Group 2 (16.3% per litter) was significantly higher than the control and other groups.  The report 34 
noted that this value and that (8.7% per litter) for Group 6 were higher than the maximum mean 35 
value in the laboratory's historical control data (6.2% per litter).  Furthermore, the value for 36 
Group 5 (5.7% per litter) was also considered treatment related because the number of litters 37 
with late resorption in the group were similar to that for Group 6.  There was no increase in 38 
malformation due to treatment.  These results were consistent with the previous study with fetal 39 
effects noted at 10 and 20 ppm (Nemec, 2002d).  Thus, the developmental NOEL was <20 ppm 40 
for late resorption and decreased viable fetuses with the vulnerable period for fetal death between 41 
GD 23 and 26.  This study was considered supplemental information to DPR. 42 
 43 
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Table 35.  Fetal data for rabbits exposed to MeI by inhalation during selected days of 1 
gestation.a 2 


 3 
20 ppm (16 mg/kg/day) Effects 0 ppm 


GD 
6-28 


GD 
6-14 


GD 
15-22 


GD 
23-24 


GD 
25-26 


GD 
27- 28 


Groups 1 2 3 4 5 6 7 
All litters 
Fetal weight  
-mean in grams  
(% of Control) 


 
45.5 


 
41.4 


(90%) 


 
48.3 


 
46.2 


 
45.9 


 
43.0 


(95%) 


 
47.0 


Total Litters with 
implantation 


19 21 23 20 17 23 21 


Viable fetuses 


-total live fetus/total litter 
-mean fetus/litter 
-% fetus/litter 


  
127/19 


6.7 
89.3% 


 
   89/21 


4.2* 
73.2% 


 
119/23 


5.2 
92.9% 


  
131/20 


6.6 
93.8% 


  
  108/17 


6.4 
88.6% 


 
127/23 


5.5 
79.4% 


  
131/21 


6.2 
90.7% 


Post implantation loss 
-affected fetus/total litter 
-mean fetus/litter 
-% fetus/litter 


 
8/19 
0.4 


10.7% 


 
30/21 


1.4 
26.8% 


 
13/23 


0.6 
7.1% 


 
9/20 
0.5 


6.2% 


 
19/17 


1.1 
11.4% 


 
13/23 


1.0 
20.6% 


 
9/21 
0.4 


9.3% 
Early resorption 


-affected fetus/total litter 
-mean fetus/litter 
-% fetus/litter 


   
  6/19 


0.3 
9.6% 


   
     5/21 


0.2 
10.5% 


   
   11/23 


0.5 
6.0% 


   
    9/20 


0.5 
6.2% 


   
    8/17 


0.5 
5.7% 


   
    7/23 


0.3 
11.8% 


  
   9/21 


0.4 
9.3% 


Late resorption 
-affected litter/total litter 


-affected fetus/total litter 
-mean fetus/litter 
-% fetus/litter 


   
   2/19 
   2/19 


0.1 
1.1% 


 
10/21 


    25/21 
1.2 


16.3%** 


 
2/23 


    2/23 
0.1 


1.1% 


 
0/20 


    0/20 
0 


0.0% 


 
5/17 


   11/17 
0.6 


5.7% 


  
6/23 


  16/23 
0.7 


8.7% 


 
0/21 


   0/21 
0 


0.0% 
Fetal death  
-dead fetus/total litter 


 
  0/19  


 
    0/21 


 
    0/23 


 
    0/20 


 
    0/17 


 
    0/23 


 
    0/21 


Exclusion of litters with 100% fetal loss due to early resorptionb 


Litters with 100% early 
resorption 


1 2 0 0 0 2 1 


Late resorption and fetal 
death 


-affected litter/Total’ litter 
-affected fetus/Total’ fetus 
-% fetus/litter 


 
 


2/18 


2/129 
1.1% 


 
 


10/19** 
25/114** 


18.3** 


 
 


2/23 
2/121 


1.1 


 
 


0/20 
0/131 


0.0 


 
 


5/17 
11/119** 


6.3 


 
 


6/21 
16/143** 


9.6 


 
 


0/20 
0/131 


0.0 
a/ Data from Nemec (2003).  Does were sacrificed on day 29.  *, ** Statistical significance at p<0.05 and 0.01, 4 


respectively.  Bolded values are those reported during the critical time GD 23 to 26.  Mean fetus/litter= the 5 
quotient of affected fetus/total litter, % fetus/litter=group mean for % affected fetus in each litter, with % 6 
affected fetus = # fetuses affected/# total implantation sites x 100%.   7 


b/ Total’= # for viable, dead, and late resorption.   8 
 9 
 10 
 11 
 12 
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 Additional studies were conducted to generate data to establish the mode of action 1 
(MOA) for fetal toxicity and PBPK modeling (Sloter, 2005 a and b).  In the first study (Sloter, 2 
2005a), pregnant New Zealand White (10 does/group) were divided into 9 groups.  Groups 1-7 3 
were untreated, and one group was sacrificed each day between GD 21 through 27.  Treated does 4 
were exposed to MeI (25 ppm, 0.14 mg/L, or 19 mg/kg/day) by inhalation for 6 hr per day for 2 5 
days (GD 23-24: Group 8) or for 4 days (GD 23-26: Group 9); they were sacrificed after the last 6 
daily exposure.  For comparisons, the controls were Groups 4 and 6, for Groups 8 and 9, 7 
respectively. 8 
 9 
No apparent treatment-related clinical signs were observed in the pregnant rabbits.  Body weight 10 
gain decrements were reported in treated does; these were statistically significant during GD 23-11 
24 for Group 8 and GD 24-25 and GD 25-26 for Group 9 (Table 36).  The net body weight 12 
change over the course of pregnancy was significantly reduced in Group 9 does, and was 13 
associated with a significant reduction in gravid uterine weight (Table 36).  During the treatment 14 
period (GD 23-26), Group 9 also had significantly reduced food consumption: 74 g/doe/day 15 
versus control Group 6 mean of 140 g/doe/day (p<0.01).   16 
 17 
Hematology and clinical chemistry data showed statistically significant changes in Groups 8 and 18 
9 (Tables 36 and 37).  Values for red cells, hemoglobin, and hematocrit were increased 19 
(significantly for almost all measurements) for both does and fetuses.  In addition, the 20 
prothrombin time and activated partial thromboplastin time were reduced in the does.  Clinical 21 
chemistry showed increased protein (albumin, globulin, and total protein) levels only for the 22 
fetuses.  Variable changes were reported for other parameters (calcium, phosphorus, potassium, 23 
creatinine, and chloride).  Lipid levels (cholesterols and triglycerides) for both does and fetuses 24 
were increased, with statistical significance only for the fetal values.   25 
 26 
Significant GSH depletion was reported in the blood (Group 8 does, Groups 8 and 9 fetuses) 27 
(Table 38).  GSH levels in the liver, kidney, and nasal tissues of Groups 8 and 9 were not 28 
affected.  Increased methylation by MeI was evident by increased S-methylcysteine adduct 29 
formation in Groups 8 and 9 does and fetuses (Table 38). 30 
 31 
After MeI exposure, iodide was highly elevated in treated does and fetuses (Tables 39 and 40).  32 
While there was a large range of levels within each group, in general, serum iodide levels of 33 
untreated fetuses were several-fold higher than the does, and levels of iodide in treated fetuses 34 
were more than two-fold higher than corresponding does.  There were treatment effects on 35 
thyroid hormones in does (Table 39).  For Groups 8 and 9, maternal serum TSH increased to 36 
136% of respective controls and serum T3 decreased to 76% to 79% of respective controls, with 37 
significance only for Group 8.  There was no significant change with T4. 38 
 39 
Thyroid hormones T3, T4, and TSH levels in the fetal blood were measured as pooled samples 40 
from multiple fetuses per litter in order to obtain sufficient material for assay (Table 40).  T3 was 41 
not detected in fetal serum until GD 22 (Group 2), suggesting that conversion from T4 to T3 42 
occurred around GD 22.  In Group 8, following two days of MeI exposure on GD 23-24, fetal 43 
serum T3 was significantly reduced to 47% of Group 4 control, but serum TSH and T4 were 44 
unaffected.  Following 4 days of exposure on GD 23-26, Group 9 fetal serum TSH was 45 
significantly increased to 711% of control and T4 decreased (p<0.05) to 21% of control.  Serum 46 
T3 on GD 26 for this group was similar to the control.   47 
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 1 
Gross examination of the maternal tissues showed dark red areas in the lungs in 5 treated does 2 
(two in Group 8, and three in Group 9), but not in any other groups, thus indicating a treatment-3 
related effect.  There were no apparent effects on weights of maternal brain, kidneys, or liver.  4 
Maternal thyroid was not examined.  While there was no significant fetal malformation or 5 
variations from MeI, late resorption was increased in the two treated groups (5 does per group 6 
each in Groups 8 and 9) compared to the controls (3 or fewer per group) (Table 41).  While the 7 
incidences were not statistically significant, it was considered a treatment-related effect.   8 
 9 
Microscopic examination of the fetal thyroids showed dose- and duration-related effects in 10 
Groups 8 and 9 (Table 41).  These included follicular cell epithelial vacuolation and hypertrophy, 11 
as well as decreased colloid.  The incidences of these responses increased with exposure duration 12 
(Group 8 compared to Group 9).  Overall, the results showed a NOEL of <25 ppm for fetal late 13 
resorption and thyroid effects.  This study was considered supplemental information to DPR.    14 
 15 
 16 
 17 
 18 
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Table 36.  Body weight, clinical chemistry and hematology data for pregnant rabbits 1 
exposed to MeI (25 ppm) by inhalation.a 2 


Groups Effects 


1 2 3 4 5 6 7 8 9 


Sacrifice on Gestation Day 21 22 23 24 25 26 27 24 26 


Maternal Treatment Days - - - - - - - 23-24 23-26 


Body weight change (g) 
GD 23-24 
GD 24-25 
GD 25-26 


 
NA 
NA 
NA 


 
NA 
NA 
NA 


 
NA 
NA 
NA 


 
20 
NA 
NA 


 
3 


16 
NA 


 
2 


32 
9 


 
27 
28 
31 


 
-42‡‡ 
NA 
NA 


 
-20 


-30†† 
-36†† 


Gravid uterine weight (g) 183.9 255.0 261.0 316.4 353.2 464.8 471.1 310.3 348.3††


Hematology 


Red cell (million/µL) 2.1 2.73 2.96 3.18 3.19 3.39 3.59 3.34  3.72† 


Hematocrit (%) 30.4 39.6 41.4 42.7 41.6 43.2 45.3 46.0  47.4† 


Hemoglobin (g/dL) 7.8 10.1 10.3 10.8 10.8 11.4 11.7 
 


11.6  
 


12.2†† 


Prothrombin Time (sec) 10.0 9.0 8.6 9.0 9.1 8.7 9.1 9.4‡ 9.5†† 


Activated partial 
thromboplastin time (sec) 


12.9 12.5 13.2 12.6 13.1 13.8 13.1 11.7  11.4†† 


Clinical Chemistry 


Calcium (mg/dL) 14.6 14.1 14.1 13.9 13.5 13.0 12.8 13.1 ‡ 12.0†† 


Phosphorus (mg/dL) 4.9 4.5 4.1 4.0 4.2 4.5 4.2 4.0 3.7 † 


Potassium (mEq/L) 4.49 4.29 4.71 4.83 4.76 4.56 4.22 4.25 3.90† 


Cholesterol (mg/dL) 18 15 12 10 9 8 9 13  8 


Triglycerides (mg/dL) 181 114 85 53 54 43 46 63 63 


HDL cholesterol (mg/dL) 10.5 9.7 10.5 9.5 9.5 10.3 10.7 12.8  9.4 


LDL+VLDL cholesterol 
(mg/dL) 


2 3 1 1 1 2 2 2  2 


a/ Data from Sloter (2005a).  †, †† for statistical significance at p< 0.05 and < 0.01, respectively in comparison with 3 
Group 6.  ‡, ‡‡ for statistical significance at p< 0.05 and < 0.01, respectively, in comparison with Group 4.  4 
NA=not applicable. VLDL=very low density lipoprotein.  5 
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Table 37.  Clinical chemistry and hematology data for rabbit fetuses exposed to MeI (25 1 
ppm) in utero.a 2 


Groups Effects 


1 2 3 4 5 6 7 8 9 


Sacrifice on Gestation Day 21 22 23 24 25 26 27 24 26 


Maternal Treatment Days - - - - - - - 23-24 23-26 


Hematology 


Red cell (million/µL) 2.10 2.73 2.96 3.18 3.19 3.39 3.59 3.34 3.72†  


Hemoglobin (g/dL) 7.8 10.1 10.3 10.8 10.8 11.4 11.7 11.6 12.2 


Hematocrit (%) 30.4 39.6 41.4 42.7 41.6 43.2 45.3 46.0 47.4†  


Clinical Chemistry 
Albumin (g/dL) 0.8 1.1 1.3 1.5 1.8 1.9 2.1 1.6 2.2 †† 


Globulin (g/dL) 0.5 0.6 0.6 0.7 0.8 0.9 0.9 0.8 1.0 † 


Total protein (g/dL) 1.4 1.6 1.9 2.3 2.6 2.8 3.0 2.4 1.0†† 


Creatinine (mg/dL) 0.3 0.4 0.4 0.7 0.8 0.7 0.7 0.8 ‡ 0.9 † 


Calcium (mg/dL) 7.6 7.5 8.7 12.1 12.9 13.2 13.1 13.1 15.0† 


Chloride (mEq/L) 91 87 91 97 100 100 101 100 96†  


Cholesterol (mg/dL) 161 170 175 176 167 150 140 205 ‡ 209†† 


Triglyceride (mg/dL) 340 304 200 154 154 137 132 215‡‡ 202†† 


HDL Cholesterol (mg/dL) 15.9 19.7 27.6 28.1 30.1 27.9 31.8 33.3‡‡ 34.5 †† 


LDL+VLDL Cholesterol 
(mg/dL) 


64 77 104 121 121 111 95 144‡ 157†† 


a/ Data from Sloter (2005a).  †, †† for statistical significance at p< 0.05 and < 0.01, respectively, in comparison with 3 
Group 6.  ‡, ‡‡ for statistical significance at p< 0.05 and p< 0.01, respectively, in comparison with Group 4.   4 


  5 
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Table 38.  Glutathione levels and hemoglobin adducts in pregnant and fetal rabbits 1 
exposed to MeI (25 ppm) by inhalation.a 2 
 3 


Tissue Source Groups 


 1 2 3 4 5 6 7 8 9 


Sacrifice on Gestation Day 21 22 23 24 25 26 27 24 26 


Maternal Treatment Days - - - - - - - 23-24 23-26


Maternal Data 


Liver GSH (mM) 5.92 
±1.9 


8.41 
±1.0 


8.45 
±0.99


5.91 
±2.3 


6.36 
±1.5 


7.34 
±0.70 


7.41 
±0.78 


8.06 
±0.78 
(136%)


6.77 
±1.6 
(92%) 


Kidney GSH (mM) 1.75 
±0.37


1.65 
±0.17


1.76 
±0.18


1.59 
±0.29


1.43 
±0.36


1.81 
±0.24 


1.73 
±0.13 


1.59 
±0.09 
(100%)


1.86 
±0.36 
(103%)


Blood GSH (mM) 0.61 
±0.15


0.626
±0.10


0.541
±0.12


0.599
±0.12


0.526
±0.15


0.387 
±0.15 


0.645 
±0.06 


0.469 
±0.06*
(78%) 


0.460 
±0.15 


(119%)
Naso-olfactory epithelium GSH (mM) 2.03 


±0.44
1.75 
±0.47


1.97 
±0.60


1.85 
±0.33


1.63 
±0.37


1.41 
±0.46 


1.64 
±0.19 


1.82 
±0.24 
(98%) 


1.75 
±0.35 
(124%)


Naso-respiratory epithelium GSH (mM) 1.00 
±0.68


0.73 
±0.11


0.84 
±0.23


0.77 
±0.35


1.26 
±0.95


1.01 
±0.45 


0.76 
±0.13 


0.80 
±0.17 
(104%)


0.65 
±0.10 
(64%) 


S-methylcysteine concentration  
(nmol/g hemoglobin) 


ND ND ND 70.2 
±33.1


ND 48.4 
±6.3 


ND 101.5 
±22.1 
(145%)


103.4 
±27.8 
(214%)


Fetal Data  


Blood GSH (mM) 0.429
±0.08


0.424
±0.11


0.465
±0.11


0.473
±0.08


0.436
±0.05


0.382 
±0.09 


0.310 
±0.05 


0.338 
±0.12*
(72%) 


0.216 
±0.09*
(57%) 


Liver GSH (mM) 1.88 
±0.40


1.65 
±0.57


1.56 
±0.14


2.16 
±0.53


2.29 
±0.28


2.22 
±0.29 


2.60 
±0.18 


2.37 
±0.13 
(110%)


2.23 
±0.18 
(100%)


S-methylcysteine concentration  
(nmol/g hemoglobin) 


ND ND ND 81.2 
±20.4


ND 60.1 
±9.2 


ND 116.3 
±34.3 
(143%)


98.7 
±17.5 
(164%)


a/ Data from Sloter (2005a).* for statistical significance at p<0.05 compared with corresponding baseline group 4 
using Dunnett's test.  ND=not determined.  % of Control, in parenthesis, for Group 8 was based on Group 4 as 5 
the control.  % of Control for Group 9 was based on Group 6 as the control.   6 


 7 
 8 
 9 
  10 
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Table 39.  Mean serum iodide and thyroid hormone concentrations in pregnant rabbits 1 
exposed to MeI (25 ppm) by inhalation.a 2 


Group Dosage 
(ppm) 


Iodide (ng/mL)b TSH (ng/mL) T3 (ng/dL) T4 (µg/dL) 


1 GD 21 ND 0.66 ± 0.10 227.1 ± 24.9 1.9 ± 0.5 
2 GD 22 ND 0.74 ± 0.13 199.8 ± 50.3 1.8 ± 0.7 
3 GD 23 ND 0.70 ± 0.09 215.3 ± 32.5 2.0 ± 0.6 
4 GD 24 20.6 (27 to <100) 0.73 ± 0.13 189.8 ± 21.3 1.9 ± 0.5 
5 GD 25 ND 0.71 ± 0.12 172.8 ± 24.9 1.9 ± 0.7 
6 GD 26 15.4 (<20 to 110) 0.77 ± 0.11 154.0 ± 24.9 1.8 ± 0.5 
7 GD 27 ND 0.80 ± 0.11 153.0 ± 20.4 1.7 ± 0.5 
8 25 ppm 


GD 23-24 
16,700  
(9,800 to 22,700) 


0.99 ± 0.32* 
(136 ± 51%)c 


143.9 ± 29.6* 
(75.8 ± 17.7%)c 


1.4 ± 0.5 
(77.9 ± 33.6%)c 


9 25 ppm 
GD 23-26 


31,100  
(10,200 to 78,000) 


1.05 ± 0.30* 
(136 ± 43%)d 


121.7 ± 26.1* 
(79.1 ±21.2%)d 


1.6 ± 0.6 
(89.3 ± 39.1%)d 


a/ Data from Sloter (2005a).  Groups 1 to 7 are not treated; Group 8 and 9 were sacrificed after the last daily 3 
exposure.  n=10/group.  ND=not determined.  * for statistical significance at p<0.05 by Dunn’s test, or t-test. 4 


b/ Mean values for maternal iodide levels in Groups 4 and 6 were based on estimated values using the method of 5 
standard additions described in the report.  They included values from duplicate samples.  Without the duplicate 6 
being counted, the iodide concentrations were 17200 ng/mL and 26400 ng/mL for Groups 8 and 9, respectively. 7 


c/ % of control based on Group 4 values. 8 
d/ % of control based on Group 6 values. 9 
 10 
 11 
 12 
Table 40.  Mean serum iodide and thyroid hormone concentrations in fetal rabbits exposed 13 


to MeI (25 ppm) during gestation.a 14 
 15 
Group 
(n) 


Dose 
(ppm) 


Iodide  
(ng/mL)b 


TSH (ng/mL) T3 (ng/dL) T4 (µg/dL) 


1 (n=10) GD 21 ND 1.43 ± 0.36   0.0 ± 0.0 0.09 ± 0.08 
2 (n=6) GD 22 ND 1.43 ± 0.30   4.7 ± 4.1 0.08 ± 0.08 
3 (n=8) GD 23 ND 1.31 ± 0.18   2.9 ± 2.7 0.01 ± 0.01 
4 (n=9) GD 24 181 (119 to 262) 1.70 ± 0.23   7.0 ± 2.8 0.09 ±0.07 
5 (n=13) GD 25 ND 1.59 ± 0.28 10.7 ± 3.7 0.21 ± 0.09 
6 (n=9) GD 26 131 (<100 to 165) 1.37 ± 0.27 11.2 ± 5.3 0.26 ± 0.13 
7 (n=13) GD 27 ND 1.66 ± 0.45 14.3 ± 6.3 0.33± 0.17 
8 (n=8) 25 ppm 


GD 23-24 
37,100 
(21,600 to 55,900) 


1.47 ± 0.42 
(87 ± 27%)c 


  3.3 ± 3.3* 
(47.1 ± 50.4%)c 


0.05 ± 0.10 
(63.6 ±119.7%) 


9 (n=8) 25 ppm 
GD 23-26 


67,600 
(33,500 to 128,000) 


9.71 ± 8.94* 
(711 ± 669%)d 


11.7 ± 6.1 
(104.5±73.9%)d 


0.06 ± 0.07* 
(21.4 ± 29.5%)d 


a/ Data from Sloter (2005a).  Groups 1 to 7 are not treated; Group 8 and 9 does were sacrificed after the last 16 
exposure.  ND=not determined.  * for statistical significance at p<0.05 by the Dunn's test or t-test.    17 


b/ Mean values for this group excluded values below 100 ng/mL (the lower limit of quantitation by injection method 18 
described in the report).  The range is presented within parentheses.   19 


c/ % of control based on Group 4 values. 20 
d/ % of control based on Group 6 values. 21 
 22 
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Table 41.  Microscopic findings in fetal rabbit thyroids after exposure to MeI (25 ppm) by 1 
inhalation during gestation.a  2 


 3 
Groups Effects 


1 2 3 4 5 6 7 8 
25 ppm 


9 
25 ppm 


Sacrifice on Gestation Day 21 22 23 24 25 26 27 24 26 


Maternal Treatment Days - - - - - - - 23-24 23-26 


All Fetuses 


Late resorption 
affected litter 
mean fetus/litter 
% fetus/litter 


 
0 
0 


0% 


 
0 
0 


0% 


 
1/10 


0.1±0.3 
0.8% 


 
2/10 


0.2±0.4
1.8% 


 
1/10 


0.1±0.3 
0.9% 


 
2/10 


0.2±0.4 
1.7% 


 
3/10 


0.3±0.5 
3.0% 


 
3/9 


0.6± 0.9
5.7% 


 
4/10 


0.5±0.7 
5.2% 


Thyroid-Male Fetuses (# fetuses affected/total fetuses) 


 Epithelial vacuolation 
      Minimal to mild 


 
0/39 


 
0/37 


 
0/35 


 
0/38 


 
0/38 


 
0/60 


 
0/48 


 
12/37 


 
43/45 


Decreased colloid 
       Mild to severe 


 
0/39 


 
0/37 


 
0/35 


 
0/38 


 
0/38 


 
0/60 


 
0/48 


 
2/37 


 
43/45 


Hypertrophy, follicular cell 
      Minimal to moderate 


 
0/39 


 
0/37 


 
0/35 


 
0/38 


 
0/38 


 
0/60 


 
0/48 


 
11/37 


 
42/45 


Thyroid-Female Fetuses (# fetuses affected/total fetuses) 


Epithelial vacuolation 
      Minimal 


 
0/46 


 
0/60 


 
0/49 


 
0/41 


 
0/44 


 
2/39 


 
0/43 


 
26/36 


 
25/36 


Decreased colloid 
      Minimal to severe 


 
0/46 


 
0/60 


 
0/49 


 
0/41 


 
0/44 


 
0/39 


 
0/43 


 
8/36 


 
29/36 


Hypertrophy, follicular cell 
      Minimal to mild 


 
0/46 


 
0/60 


 
0/49 


 
0/41 


 
0/44 


 
0/39 


 
0/43 


 
16/36 


 
34/36 


a/ Data from Sloter (2005a). 4 
b/ Mean number of fetuses/litter with % fetuses per litter indicated in parenthesis.    5 
 6 
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Three groups of mated New Zealand White female rabbits (40/group) were exposed by 1 
whole-body inhalation to filtered air, MeI (99.7% purity, 20 ppm equivalent to 0.11 mg/L or 16 2 
mg/kg/day), or intravenous infusion to NaI (20.3 µM as four 15 minute infusion over a 6 hour 3 
period; equivalent to 81.2 µmole/doe/day or 2.58 mg iodide/kg/day) for up to 4 consecutive days, 4 
beginning on GD 23 (Sloter, 2005b).  Samples collected and sacrifice times are outlined in Table 5 
42.  Liver and nasal epithelium tissues were not collected from the NaI group.  There were 6 
neither treatment-related clinical signs nor body weight effects on the does for any group.   7 


 8 
Methyl iodide and NaI exposures increased circulating iodide to at least several hundred-fold 9 
higher than controls (Tables 43 and 44).  Methyl iodide groups had about twice the serum iodide 10 
concentration as the concurrent NaI groups.  Fetal iodide levels at a particular sacrifice interval 11 
were commonly 2- to over 10-fold higher than corresponding maternal levels, whether the does 12 
were given NaI or MeI.   13 
 14 
Results from MeI groups after a non-dosing period (a recovery period) showed that the does 15 
clear excess iodide more rapidly than did the fetuses (Table 43).  For example with GD 23T6 and 16 
GD 24T6+R18 groups with the same total exposure hours, the maternal serum iodide level 17 
decreased about 80%, when measured 18 hours after the last exposure.  In the fetuses, the 18 
decrease after recovery was about 70%.  A comparison of maternal and fetal iodide levels 19 
measured after various recovery time after 3 doses, GD 252(T6+R18)+T6+R6, GD 252(T6+R18)+T6+R12, 20 
and GD 263(T6+R18), showed a slow clearance rate (20-30% loss) between 12 hours and 18 hours 21 
of recovery.  These results indicated that most of the loss seen in the first comparison likely 22 
occurred during the first 6 hours.  For NaI, there appeared to be a slower clearance because 18 23 
hours of recovery resulted in a decrease of about 50% of maternal and fetal iodide level of the 24 
GD GD23T6 and 24T6+R18 groups (Table 44).   25 
 26 
Maternal thyroid hormone data showed some changes associated with MeI or NaI treatment 27 
(Table 45).  They included increased TSH, decreased T3, and variable change in T4.  The fetal 28 
control data for the MeI group showed T3 increased two fold from 10.1 ng/dL on GD 23 to 23.9 29 
ng/dL on GD 29.  Neither TSH nor T4 showed any time-related changes in levels.  With 30 
treatment, there was a dose-related increase in TSH, from GD 25 (2.7 ng/mL) to GD 29 (4.4 31 
ng/mL), usually statistically significant for both MeI and NaI fetuses (Table 45).  A higher 32 
increase might be expected if there were no recovery period, as shown by results from the GD 33 
263(T6+R18)+T6 and GD 294(T6+R18)+R48 groups.  T4, in general, was reduced from GD25 and onward, 34 
with statistical significance for one of the GD 25 MeI groups, possibly due to a high control 35 
value (0.20 µg/dL) compared to other controls (range from 0.05 to 0.14 µg/dL). 36 
 37 
S-methylcysteine levels showed a 34% increase in MeI treated does and a 56% increase for 38 
fetuses after exposure to MeI for 4 days (Table 46).  Maternal and fetal blood GSH levels were 39 
reduced for GD 23 T6 and GD 24 T6+R18+T6, with a statistically significant difference reported for 40 
some durations (Table 46).  There were no consistent GSH changes in maternal nasal respiratory 41 
epithelium, or fetal or maternal liver of MeI treated rabbits after one or two days of treatment.   42 
 43 
While fetal viability was not affected by NaI exposure, it was most affected in the GD 29 MeI 44 
group, with the mean % of viable fetuses/litter of 46.8% with MeI exposure versus 93.1% in 45 
controls (Table 47).  The post-implantation loss after MeI treatment was primarily due to 46 
increased (50.4 %/litter) late resorption, which was significantly different than the control of 47 
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4.7%/litter.  In comparison, the post-implantation loss from NaI treatment was due to both early 1 
and late resorption.  External examination of the fetuses showed no MeI or NaI treatment-related 2 
malformations.   3 
 4 
Histopathology of thyroids (the only organ evaluated) showed hypertrophy of the follicular cells 5 
and colloid depletion in the does and fetuses after at least 2 exposures with either MeI or NaI 6 
(Table 48).  Does, evaluated only on GD 263(T6+R18)+T6, showed higher incidences of hypertrophy 7 
and colloid depletion from MeI exposure than from NaI treatment.  This could be explained by 8 
the higher internal maternal serum iodide level in the MeI treated does, compared to that for the 9 
NaI does.  However, MeI and NaI fetuses responded at similar degrees.  The majority of fetuses 10 
had minimal hypertrophy after 2 exposures (GD 24 T6+R18+T6).  Increased severity and incidences 11 
of hypertrophy and colloid depletion were observed with additional exposures.  These effects 12 
were more apparent on GD 263(T6+R18)+T6, with some indication of recovery because of lower 13 
incidences in the GD 29 group, which was examined 48 hours after the last treatment on GD 26.   14 
 15 
These results were consistent with previous studies in showing a NOEL of <20 ppm for 16 
increased late resorption, decreased fetal viability, and fetal thyroid effects after a few days of 17 
exposure during late gestation.  18 
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Table 42.  Schedule of laparohysterectomy and sample collection from rabbits exposed to 1 
MeI or sodium iodide by inhalation during gestation.a 2 
 3 


Time after completion of last dose for sample collection 
or sacrifice 


Groups 
 


Study 
Report 
notation 


 
Doses 


Tests 
Before 
Last 
dose 


Immed-
iately after 


6 hours 
later 


12 hours 
later 


18 hours 
later 


3 days 
(GD 29) 


GD 23T3 GD 23-3 GD 23 
(3 hours) 


F TSH 
 


FM iodide  
FM GSH 
F histo 


    


GD 23T6 GD 23-6 GD 23   FM iodide 
FM GSH 
FM TH 
F histo 


    


GD 24 


T6+R18 
GD 24-0 GD 23 


 
    FM iod 


FM GSH 
F TH  
F histo 


 


GD 24 


T6+R18+T6 
GD 24-6 GD 23, 


GD 24 
 FM iodide 


FM TH 
FM GSH 
F histo 


    


GD 25 


2(T6+R18)+ 


T6+R6 


GD 25-
12 


GD 23, 
24, 25 


  FM iod 
FM TH 
F histo 


   


GD 25 


2(T6+R18)+ 


T6+R12  


GD 25-
18 


GD 23, 
24, 25 


   FM iod 
F TH 
no histo 


  


GD 26 
3(T6+R18) 


GD 26-0 
 


GD 23, 
24, and 
25 


 


 
   M iod  


GD 26 
3(T6+R18)+ 


T6 


GD 26-6 GD 23, 
24, 25, 
26 


 FM iodide 
FM TH 
FM histo 


    


GD 26 


4(T6+R18)+ 


R48 


GD 29 GD 23, 
24, 25, 
26 


     FM TH 
F histo 


a/ Protocol from Sloter (2005b).  Except for Group 1 with 3 hours of exposure, all exposures were 6 hours of 4 
duration.  Abbreviations: F=fetal; GSH= glutathione in maternal and fetal liver, maternal nasal respiratory 5 
epithelium; histo=histology; M=maternal; TH=TSH, T3 and T4; T=treatment hours, R=Recovery hours before 6 
sampling or sacrifice.   7 


 8 
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Table 43.  Maternal and fetal serum iodide levels in rabbits exposed to MeI (20 ppm) by 1 
inhalation.a 2 


Groups Maternal serum 
iodide range (ng/mL) 


Maternal serum iodide 
(ng/mL) in doe with late 
resorption 


Fetal serum iodide 
range (ng/mL) 


Controls 
GD 23 to 26 


5.18-48.6b  NA  
 


114-217b 


Treated Groups (MeI 20 ppm) 
GD 23T3 7,500 ± 488 


(6,940-8,070) 
7,660 (1 doe) 
 


15,100 ± 4,620 
(10,600-22,700) 


GD 23T6 9,570 ± 4,750 
(135-13,500) 


No resorption 
 


27,800 ± 9,250 
(16,000-42,100) 


GD 24T6+R18 1,740 ± 1,340 
(720-4,020) 


4,020 (1 doe) 
 


8,960 ± 4,830 
(4,390-16,500) 


GD 24T6+R18+T6 14,300 ± 2,360 
(12,850-18,700) 


No resorption 33,200 ±11,900 
(14,800-46,400) 


GD 25 
2(T6+R18)+T6+R6 


5,110 ± 1,760 
(2,960-7,370) 


7,370 (1 doe) 
 


40,100 ± 15,700 
(20,300-62,200) 


GD 25 
2(T6+R18)+T6+R12 


4,470 ± 3,250 
(2,100-10,800) 


No resorption 
 


32,000 ± 12,800 
(18,000-56,900) 


GD 263(T6+R18) 


 


 
GD 263(R6+R18)+T6 


3,610 ± 1,200 
(1,750-4,830) 


 
16,600 ± 6,800 
(11,100-29,600) 


ND 
 
 
3,180 (1 doe) 
 


ND 
 
 


72,600 ± 23,200 
(53,850-110,000) 


GD 29 


3(T6+R18)+T6+R48 
ND, 4/4 does had resorption (% fetus/litter=50.4±28.1%) 


a/ Data from Sloter (2005b).  The does in the MeI group were exposed for 3 or 6 hours each day (T3 or T6).  3 
Samples were taken at the end of the last exposure or after a recovery period (for example R18 means 18 hours 4 
after the end of last dose).  The Day 29 group was sacrificed on GD 29, but had its last exposure on Day 26.  5 
Fetal serum iodide levels were those from live fetuses.  ND=not determined 6 


b/ Range from mean value for each sampling period.  The high value of 48.6 ng/mL for does was measured on GD 7 
23T6.  Without this point, the range was 5.18 to 19.7 ng/mL.  The highest control fetal iodide level was 217 8 
ng/mL in the GD 252(T6+R18)+T6+R12 group. 9 


 10 
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Table 44.  Maternal and fetal serum iodide levels in rabbits exposed to sodium iodide by 1 
intravenous injection.a 2 


 3 
Groups Maternal serum 


iodide range 
(ng/mL) 


Maternal serum iodide 
(ng/mL) of does with 
late resorption 


Fetal serum iodide 
range (ng/mL) 


Controls 
GD 23 to 26 


5.18-48.6b  NA  114-217b 


Treated Groups (sodium iodide 81.2 μmol/daily) 
GD 23T3 3,400 ± 346 


2,830-3,740 
No resorption 7,420 ± 1,330 


5,580-9,080 
GD 23T6 5,830 ± 611 


4,870-6,780 
5740 in one doe 
 


14,900 ± 8,120 
7,880-31,500 


GD 24T6+R18 2,290 ± 294 
1,810-2,550 


No resorption 7,610 ± 4,860 
613-13,200 


GD 24T6+R18+T6 6,290 ± 528 
5,750-6,750 


No resorption 23,000 ± 6,320 
15,400-30,250 


GD 252(T6+R18)+T6+R6 4,330 ± 1,610 
2,290-6,360 


4070, 3480 in 2 does 
 


25,000 ± 8,530 
10,600-32,400 


GD 252(T6+R18)+T6+R12 1,740 ± 563 
  681-2,020 


1620, 1830 in 2 does 
 


18,600 ± 4,900 
13,200-24,700 


GD 263(T6+R18) 


 
 
GD 263(T6+R18)+T6 


4,870 ± 8,480 
   634-20,000 


 
9,630 ± 11,000 
3,330-29,200 


ND 
 
 
No resorption 


ND 
 
 
35,900 ± 17,200 
14,400-55,300 


GD 294(T6+R18)+R48 Serum iodide not measured.  2/5 does had resorption 
a/ Data from Sloter, 2005b.  The does in the MeI group were exposed for 3 or 6 hours each day (T3 or T6).  Samples 4 


were taken at the end of the last exposure or after a recovery period (for example R18 means 18 hours after the 5 
end of last dose).  The Day 29 group was sacrificed on GD 29, but had its last exposure on Day 26.  Fetal serum 6 
iodide levels were those from live fetuses.  ND=not determined.   7 


b/ Range from mean value for each sampling period.  The high value of 48.6 ng/mL for does was measured on GD 8 
23T6.  Without this point, the range was 5.18 to 19.7 ng/mL.  The highest control fetal iodide level was 217 9 
ng/mL in the GD 252(T6+R18)+T6+R12 group. 10 


 11 
 12 
 13 


 14 
 15 
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Table 45.  Maternal and fetal TSH, T3, and T4 in rabbits exposed to MeI (20 ppm) by 1 
inhalation or sodium iodide by intravenous injection.a 2 


 3 
TSH (ng/mL) T3 (ng/dL) T4 (µg/dL) Groups  


Control MeI NaI Control MeI NaI Control MeI NaI 
Does 
GD 23T6 0.50 


±0.10 
0.52 
±0.19 


0.78 
±0.58 


180 
±24 


173 
±12 


139 
±5* 


1.76 
±0.27 


1.75 
±0.40 


1.26 
±0.38 


GD 24 
T6+R18+T6 


0.46 
±0.11 


0.62 
±0.04* 


0.62 
±0.08* 


173 
±16 


158 
±20 


133 
±22* 


1.43 
±0.42 


1.44 
±0.46 


1.15 
±0.71 


GD 25 
2(T6+R18)+T6+R6 


0.56 
±0.05 


0.68 
±0.20 


0.72 
±0.04 


160 
±36 


136 
±34 


127 
±31 


1.33 
±0.24 


0.95 
±0.85 


0.38 
±0.39 


GD 26 


3(T6+R18)+T6 


0.58 
±0.24 


0.58 
±0.15 


0.60 
±0.07 


122 
±24 


114 
±25 


123 
±16 


0.60 
±0.38 


0.84 
±0.89 


0.61 
±0.66 


GD 29 
4(T6+R18)+R48 


0.56 
±0.11 


1.05 
±0.65 


0.74 
±0.33 


168 
±30 


150 
±18 


149 
±44 


0.77 
±0.35 


0.40 
±0.36 


1.03 
±0.67 


Fetuses 
GD 23T3 1.2 


±0.1 
1.1 
±0.2 


1.2 
±0.1 


10.1 
±5.2 


8.9 
±5.4 


7.2 
±3.2 


0.12 
±0.12 


0.07 
±0.02 


0.10 
±0.04 


GD 23T6 1.2 
±0.4 


1.1 
±0.2 


1.1 
±0.3 


4.5 
±2.6 


6.5 
±4.8 


9.0 
±4.6 


0.07 
±0.03 


0.10 
±0.05 


0.13 
±0.09 


GD 24T6+R18 1.5 
±0.2 


1.0 
±0.2* 


1.5 
±0.2 


11.3 
±4.3 


10.1 
±6.3 


9.2 
±5.5 


0.09 
±0.05 


0.03 
±0.03 


0.07 
±0.09 


GD 24T6+R18+T6 1.9 
±0.5 


1.7 
±0.4 


2.0 
±0.6 


10.4 
±2.0 


13.6 
±4.6 


7.6 
±2.0 


0.05 
±0.04 


0.08 
±0.05 


0.03 
±0.03 


GD 25 


2(T6+R18)+T6+R6 
1.7 
±0.4 


2.7 
±0.6 


3.5 
±1.5* 


13.1 
±6.5 


13.3 
±5.8 


10.8
±6.0 


0.20 
±0.11 


0.06 
±0.09* 


0.01 
±0.01* 


GD 25 


2(T6+R18)+T6+R12 
1.5 
±0.2 


4.2 
±1.1* 


3.8 
±1.1* 


12.0 
±2.4 


13.2 
±5.6 


14.5
±4.2 


0.08 
±0.07 


0.00 
±0.00 


0.01 
±0.02 


GD 26 


3(T6+R18)+T6 


1.9 
±0.9 


5.1 
±1.5* 


5.2 
±2.9* 


15.4 
±3.1 


26.6 
±12.6 


15.7
±2.4 


0.06 
±0.04 


0.03 
±0.05 


0.01 
±0.01 


GD 29 
4(T6+R18)+R48 


1.1 
±0.2 


4.4 
±3.4* 


1.7 
±0.5 


23.9 
±4.8 


49.4 
±30.2 


31.8
±9.1 


0.14 
±0.04 


0.10 
±0.15 


0.09 
±0.05 


a/ Data from Sloter (2005b).  The does in the MeI group were exposed for 3 or 6 hours each day (T3 or T6).  4 
Samples were taken at the end of the last exposure or after a recovery period (for example R18 means 18 hours 5 
after the end of last dose).  The Day 29 group was sacrificed on GD 29, but had its last exposure on Day 26.  6 
*for statistical significance at p<0.05.   7 


 8 
  9 
 10 
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Table 46.  Maternal and fetal S-methylcysteine and glutathione levels in rabbits exposed to 1 
MeI (20 ppm) by inhalation.a 2 


 3 
Does Fetuses Groups 


Control MeI Control MeI 
S-methylcysteine 
adduct 
(nmole/g globulin)  
GD 263(T6+R18)+T6 


 
 
 
69.7 ± 9.3 


 
 
 
93.4 ± 5.0 
(134%) 


 
 
 
86.9 ± 20.1 


 
 
 
131.1 ± 11.0 
(151%) 


GSH (mM) 
Blood  
GD 23T3 
 
GD 23T6 
 
GD 24T6+R18  
 
GD 24T6+R18+T6 
 


 
0.512±0.150 
 
0.565±0.097 
 
0.652±0.082 
 
0.642±0.045 


 
0.469±0.074 
(92%) 
0.451±0.100 
(80%) 
0.584±0.063 
(90%) 
0.413±0.051** 
(64%) 


 
0.314±0.081 
 
0.410±0.104 
 
0.437±0.025 
 
0.411±0.115 


 
0.258±0.149 
(82%) 
0.253±0.098* 
(62%) 
0.408±0.077 
(93%) 
0.227±0.056* 
(55%) 


Liver  
GD 23T3 
 
GD 23T6 
 
GD 24T6+R18 
 
GD 24T6+R18+T6 


 
6.55±1.33 
 
8.00±0.89 
 
6.91±0.63 
 
7.23±0.66 


 
6.32±2.73 
(96%) 
6.54±0.29** 
(82%) 
7.25±0.59 
(105%) 
7.31±0.87 
(101%) 


 
1.86±0.71 
 
2.01±0.14 
 
2.45±0.19 
 
2.27±0.18 


 
2.14±0.05 
 
2.05±0.16 
 
2.37±0.19 
 
2.01±0.46 


Nasal respiratory 
epithelium 
GD 23T3 
GD 23T6 
GD 24T6+R18  
GD 24T6+R18+T6 


 
 
0.619±0.117 
0.792±0.124 
0.723±0.112 
0.770±0.275 


 
 
0.588±0.146 
0.754±0.093 
0.753±0.213 
0.702±0.187 


 
 
ND 
 
 


 
 
ND 
 
 


a/ Data from Sloter (2005b).  The does in the MeI group were exposed for 3 or 6 hours each day (T3 or T6).  4 
Samples were taken at the end of the last exposure or after a recovery period (for example R18 means 18 hours 5 
after the end of last dose).  The Day 29 group was sacrificed on GD 29, but had its last exposure on Day 26.  6 
hr=hours, ND=not determined.  *, ** for statistical significance at p<0.05 and <0.01, respectively.  % of control 7 
is in parenthesis. 8 


 9 
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Table 47.  Fetal viability for pregnant rabbits exposed to MeI (20 ppm) by inhalation.a  1 
 2 
Groups  Control Methyl Iodide Sodium Iodide 
GD 24T6+R18 
Viable fetuses 
-mean fetus/litter 
-% fetus/litter 
Late resorption 
-% fetus/litter 


 
  9.5 ± 1.29 (14) 
94.1 ± 9.88 
 
  3.4 ± 7.77 


 
  9.0 ± 1.41 (15) 
94.6 ± 9.64 
 
  3.4 ± 9.50 


  
  9.5 ± 1.13 (15) 
96.0 ± 6.58 
 
  0.7 ± 2.58 


GD 24T6+R18+T6  
Viable fetuses 
-mean fetus/litter 
-% fetus/litter 
Late resorption 
-% fetus/litter 


  
  9.0 ± 3.16 (5) 
92.2 ± 7.55 
 
  2.0 ± 4.47 


  
  9.2 ± 2.17 (5) 
98.2 ± 4.07 
 
  0 


 
  9.0 ±  2.12 (5) 
89.3 ± 11.46 
 
  0 


GD 252(T6+R18)+T6+R6 
Viable fetuses 
-mean fetus/litter 
-% fetus/litter 
Late resorption 
-% fetus/litter 


 
  8.5 ± 2.27 (10) 
96.0 ± 6.79 
  
 1.1 ± 3.51 


  
  9.4 ±   2.32 (10) 
94.5 ± 10.06 
 
  1.0 ±   3.16 


  
  9.5 ±   2.32 (9) 
91.4 ± 10.39 
 
  4.4 ±   6.09 


GD 263(T6+R18)+T6 
Viable fetuses 
-mean fetuses/litter 
-% fetus/litter 
Late resorption 
-% fetus/litter 


  
  8.6 ±   1.52 (5) 
90.0 ± 22.36 
 
  0 


  
  8.6 ± 2.30 (5) 
96.0 ± 8.94 
 
  4.0 ± 8.94 


  
   9.8 ± 1.79 (5) 
100.0  
 
    0 


GD 294(T6+R18)+R48 
Viable fetuses 
-mean fetus/litter 
-% fetus/litter 
 
Post-implantation loss 
-% fetus/litter 
 
Late resorption 
affected litter 
mean fetus/litter 
-% fetus/litter 


 
  7.2 ±   0.84 (5) 
93.1 ± 10.1 
 
 
  6.9 ± 10.10 
   
  
    2/5 
0.4 ±  0.55 
4.7 ±  6.48 


  
  4.0 ±   2.71 (4)* 
46.8 ± 29.3* 
 
 
53.2 ± 29.3 
 
     
        4/4 
  4.3 ±  2.50 
50.4 ± 28.09*,b 


  
  9.6 ±   1.14 (5) 
87.5 ±   7.05 
 
 
12.5 ±   7.05 
 
  
    2/5 
0.8 ±  1.30 
6.8 ± 10.9 


a/ Data from Sloter (2005b).  For mean viable fetuses/litter, the number of litter is indicated in the parentheses.  The 3 
does in the MeI group were exposed for 3 or 6 hours each day (T3 or T6).  Samples were taken at the end of the 4 
last exposure or after a recovery period (for example R18 means 18 hours after the end of last dose).  The Day 5 
29 group was sacrificed on GD 29, but had its last exposure on Day 26.  Statistical significance was based on 6 
Dunn's test (% data), or Dunnett's test with * for p<0.05.  ND=not determined.  Mean fetus/litter= group mean 7 
for # of fetuses affected in each litter.  % fetus/litter= group mean for # fetuses affected/total implantation sites 8 
for each litter x 100%. 9 


b/ Three of four does accounted for most of the late resorptions with % ranging from 55.6 to 77.8 for all animals.   10 
 11 
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Table 48.  Microscopic findings in the thyroid of pregnant rabbit and fetuses after exposure 1 
to MeI (20 ppm) by inhalation.a  2 


 3 
Effects Control Methyl iodide 


(20 ppm) 
Sodium iodide 


Does at GD 263(T6+R18)+T6 
  Hypertrophy, follicular cell, minimal 
  Depletion, colloid, minimal 


 
0/5 
0/5 


 
 2/5 
 3/5 


 
0/5 
1/5 


Fetuses 


GD 23T6 
  Hypertrophy, follicular cell, minimal 
  Depletion, colloid, minimal  


 
0/20 
0/20 


 
 0/20 
 0/20 


 
 0/20 
 0/20 


GD 24 T6+R18+T6 
  Hypertrophy, follicular cell, minimal 
  Depletion, colloid, minimal  


 
0/20 
0/20 


 
16/20 
 1/20 


 
12/20 
 0/20 


GD 25 2(T6+R18)+T6+R6 Hypertrophy, 
follicular cell, minimal 
  Depletion, colloid, total 
                                minimal   
                                mild 


 
0/20 
0/20 
0/20 
0/20 


 
20/20 
 5/20 
 4/20 
 1/20 


 
18/20 
 9/20 
 5/20 
 4/20 


GD 263(T6+R18)+T6  
  Hypertrophy, follicular cell, total 
                                              minimal 
                                              mild 
  Depletion, colloid, total 
                             minimal   
                             mild 
                             moderate 


 
0/20 
0/20 
0/20 
0/20 
0/20 
0/20 
0/20 


 
16/20 
  9/20 
  7/20 
13/20 
  6/20 
  1/20 
  6/20 


 
18/20 
  8/20 
10/20 
17/20 
 7/20 
 4/20 
 6/20 


 GD 294(T6+R18)+R48  
  Hypertrophy, follicular cell, total 
                                              minimal 
                                              mild 
  Depletion, colloid, total 
                             minimal   
                             mild 
                             moderate 


 
0/20 
0/20 
0/20 
0/20 
0/20 
0/20 
0/20 


 
  6/16 
  2/16 
  4/16 
 6/16 
 1/16 
 2/16 
 3/16 


 
 5/20 
 5/20 
 0/20 
 6/20 
 6/20 
 0/20 
 0/20 


a/ Data from Sloter (2005b).  The does in the MeI group were exposed for 3 or 6 hours each day (T 3 or T6).  4 
Samples were taken at the end of the last exposure or after a recovery period (for example R18 means 18 hours 5 
after the end of last dose).  The Day 29 group was sacrificed on GD 29, but had its last exposure on Day 26.    6 
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III.H.  Neurotoxicity 1 
 2 
 The acute neurotoxicity study (Schaefer, 2002) after MeI inhalation exposure is already 3 
presented in Section III.B.2. Rat-Inhalation.  At the lowest-observed-effect level (LOEL) of 93 4 
ppm, rats showed reduced body temperature and motor activity, and clonic convulsion.  5 
Neurotoxicity observed in humans after accidental exposure or ingestion of MeI is discussed in 6 
the following section.    7 
 8 
 A developmental neurotoxicity study in laboratory animals has not been conducted.  This 9 
latter study is not being required by the USEPA because MeI is considered a non-food use and, 10 
therefore, not subjected to Food Quality Protection Act considerations (USEPA, 2006A).  The 11 
delayed neurotoxicity study in hens included in the FIFRA testing guidelines is required only for 12 
organophosphate pesticides.   13 
 14 
III.I.  Human Toxicity Case Reports 15 
 16 
 One of the early reports was on a worker who complained of giddiness, sleepiness, 17 
diarrhea, and mental irritability accentuated by noise (Garland and Camps, 1945).  Air 18 
concentrations in the worker’s MeI manufacturing factory were not provided.  His symptoms 19 
disappeared after he stopped working.  When he resumed work 3 months later, he vomited and 20 
was drowsy after his first day of work.  In the hospital, he showed drowsiness, inability to walk, 21 
slurred and incoherent speech, abnormal eye movement, twitching upper limbs, splastic lower 22 
limbs, absence of abdominal reflexes, and oliguria.  Iodine was detected in the urine at 9 mg/100 23 
mL, but not in the cerebral spinal fluid.  Two days later, vomiting, restlessness, and incontinence 24 
were reported.  The patient became comatose and died several days later.  At autopsy, all organs 25 
showed congestion with broncho-pneumonia and hemorrhage in the lungs.  Analysis of the brain 26 
tissue (unknown amount) yielded 6 mg of "combined iodine."  27 
 28 
 Appel et al. (1975) described a white male chemist, who experienced blurred vision and 29 
unsteady gait after inhalation exposure to MeI while synthesizing this compound.  He had been 30 
doing the synthesis on the weekends for 3 weeks.  His symptoms progressed to include double 31 
vision, lethargy, confusion with dysarthric speech, and gross dysmetria of the upper extremities.  32 
After he was admitted to the hospital, test results (including clinical chemistry, cranial nerve 33 
function, motor, and sensory tests) were normal.  He continued to complain of diplopia, and 34 
showed ataxic gait, dysmetria, and slurred hypophonic, but fluent speech.  Serum iodide was 31 35 
µg/100 mL, and cerebrospinal fluid iodine was 5.3 µg/100 mL.  Over the next 3 weeks, the eye 36 
and gait effects slowly resolved but mental impairment (paranoia with delusions, and auditory 37 
and visual hallucinations) developed.  At this time, the serum iodide was 6.4 µg/100 mL.  He 38 
was discharged on the 6th week.  Follow-up examination performed 5 months later showed 39 
normal neurological function but residual paranoia and confusion.   40 
 41 
 Two workers were exposed to excess MeI during the production due to inadequate 42 
exposure protection (Hermouet et al., 1996).  The reported average MeI concentration was 124 43 
mg/m3, exceeding the TLV and STEL of 10 and 30 mg/m3, respectively, measured after the 44 
second worker was admitted.  The first worker (59-year old male) complained of headache and 45 
double vision, a “few” hours after the exposure.  It was not known if he had previous exposure.  46 
Clinical examination revealed tremor, ataxia, dysmetria, and incomplete left third cranial nerve 47 
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palsy resulting in strabismus without ptosis or mydriasis.  Tests for cranial nerve, motor, and 1 
sensory functions, and electro-encephalogram were normal.  The neurological symptoms 2 
gradually subsided over 3 weeks, but the patient developed depressive ideation.  Symptoms of 3 
dysarthria, hypermetria, ataxia, and tremor returned when he was re-exposed to MeI again 4 
several months later.  The patient’s health was not followed up further.   5 
The second worker (42-year old male) of the report complained of drowsiness and vertigo, and 6 
was ataxic.  He had been working with MeI for three years.  The symptoms resolved after two 7 
days of non-exposure, but the worker was reported to be depressed.  The worker returned to 8 
work and continued to experience neurological symptoms.  Over the next 9 months, ataxia, 9 
painful paresthesia in the feet, double vision and slurred speech, and tingling of the lower 10 
extremities were reported to occur for about 1 month and then resolved spontaneously.  About 9 11 
months later, the worker was readmitted with similar symptoms.  Clinical examination reported 12 
pyramidal syndrome, a cerebellar syndrome, and incomplete bilateral third nerve palsy.  An 13 
electronystagmogram showed bilateral vestibular hypoexcitability.  The electro-encephalogram 14 
was described as diffusely abnormal with irregular rhythms.  Computerized tomography of the 15 
brain showed a small low-density lesion of the right caudate nucleus.  All symptoms gradually 16 
resolved over 3 months, but the depression recurred.  After he returned to work for 1 year, he 17 
developed symptoms similar to the last episode with the additional problems of bladder 18 
dysfunction, increased latency of lower limb somatosensory-evoked responses, decreased 19 
peripheral conduction velocity, lesions of the right internal frontal white matter and pigmented 20 
nuclei, and impaired memory.  After mitigation measures were instituted in the facility, this 21 
worker recovered with almost all clinical manifestation resolved.  Four years after the last 22 
episode, clinical tests showed a small right paraventricular lesion, slight deficit of short-term 23 
visual memory, and increased left central conduction time in the lower limb somatosensory-24 
evoked response test.  He reported difficulty in running and slight urinary hesitancy. 25 
 26 
 Direct skin exposure to MeI resulted in contact dermatitis in a worker (Knudsen and 27 
Nielsen, 1999).  The worker reportedly wore “nitril” (latex) gloves when he accidentally spilled 28 
MeI on his fingers and hands.  Vesicles and bullae developed at the site on the next day, but the 29 
skin healed without scarring in a few weeks.  In a more severe accident, a worker suffered severe 30 
burns and systemic effects after loading newly manufactured MeI onto a truck (Schwartz et al., 31 
2005).  The exposure might have occurred via damaged soles of his chemical protective shoes.  32 
The burns initially involved the groin area, but later to include the torso, back, and lower 33 
extremities.  The patient was hospitalized as he experienced episodic syncope and was in 34 
hypovolemic shock.  Delirium was noted on the 4th day of the hospital stay.  After discharge 35 
from the hospital, his skin healed but his mental status continued to be affected.  He experienced 36 
problems with memory, concentration, and performance of tasks, and changes in behavior and 37 
personality shown by prolonged staring, decreased activity, “flat emotion”, and lassitude.  A 38 
Magnetic Resonance Imaging study of the brain showed mild cerebral atrophy and prominence 39 
of the cortical sulci greater than expected for his age.  Other tests of his neurological status 40 
showed deficits in attention, memory, information processing, and task performance.  At follow-41 
up 2 months after, there was improvement of his ability to concentrate and mental acuity.   42 
 43 
 In an intentional ingestion case, a 19-year old male gave himself an intravenous injection 44 
of MeI (about 14 g, or 165 mg/kg for 85 kg body weight) (Robertz-Vaupel et al., 1991).  He 45 
showed somnolence, agitation, convulsion, and severe hypotension.  Three hours after exposure, 46 
serum iodide concentrations in three samples ranged from 52.44 µg/mL to 75.24 µg/mL (average 47 
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60 µg/mL).  He was given acetylcysteine and hemoperfusion.  After hemoperfusion, serum 1 
iodide concentration was about 0.2 µg/mL and the patient survived.  Note that data from this 2 
study is used to test the human model in PBPK modeling of acute exposure (Appendix A).  3 
  4 
III.J.  PBPK and Mode of Action Studies 5 
 6 
  This section describes additional studies which had been conducted for PBPK modeling 7 
and toxicity of MeI.  8 
 9 
III.J.1.  PBPK Parameters 10 
 11 


To describe the MeI uptake into body tissues and fluids, the partition of MeI (10,000 12 
ppm) between air and minced tissues from Sprague-Dawley rat and New Zealand rabbit, human 13 
blood, and saline was studied in septum-sealed vials (Table 49; Gannon, 2004).  Partition 14 
coefficients for fat (88 in rat, and 87 in rabbit) were relatively higher than other tissues.  Some 15 
tissues (brain, kidney, muscle) showed a similar extent of partitioning between tissues, and 16 
between the rat and rabbit.  However, the coefficient for blood in the rat was 2 to 3-fold higher 17 
than those for rabbit or human.  The thyroid coefficient for the rabbit was 3-fold higher than that 18 
for the rat.  Methyl iodide also partitioned into the rabbit placenta, the only species studied.  This 19 
study was considered supplemental to DPR.   20 


 21 
 22 
 23 


Table 49.  Partition coefficients for MeI in rat and rabbit tissues and human blood.a 24 
 25 


 Tissue/blood: Air Partition Coefficients Tissues 
Rat Rabbit Human 


Blood 39.3 ± 5.5 Fetal           12.0 ± 2.2 
Maternal    16.0 ± 0.8 


Male blood 18.0 ± 0.6 
Female blood 17.1 ± 0.9 


Brain   9.5 ± 1.2                     6.7 ± 0.5 
Fat 88.8 ± 2.3                   87.3 ± 3.9 
Kidney   8.4 ± 1.1                     9.0 ± 2.0 
Liver 24.1 ± 2.8                   13.3 ± 3.0 
Muscle   7.5 ± 2.3                     6.4 ± 0.5 
Nasal   5.7 ± 0.9                     8.3 ± 0.7 
Thyroid  11.4 ± 1.8                   38.9 ± 3.6 
Placenta        ND                     6.8 ± 1.1 


                  ND 


a/ Data from Gannon (2004).  Value represent regression analysis intercept at time = 0 hours + regression standard 26 
error.  Partition of MeI in saline = 3.9 + 0.7.  ND=not determined.   27 


 28 
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Three studies were conducted to characterize the MeI uptake by rat and rabbit nasal 1 
cavities (Thrall et al., 2004 a, b, and c). Anesthetized female New Zealand White rabbits (12 to 2 
17 weeks old, 9 animals) were placed in sealed glass chambers and exposed by whole-body 3 
inhalation to MeI concentrations ranging from 1 to 46 ppm (measured) for 30 minutes (Thrall et 4 
al., 2004a).  A plethysmograph assessed breathing frequency, tidal volume, and allowed 5 
calculation of minute volume.  Results showed the minute volumes ranged from approximately 6 
300 to 1700 mL/min.  Breathing frequencies ranged from 38 to 52 breaths per minute (bpm).  7 
Tidal volumes ranged from 2.8 to 12.9 mL/kg.  To determine the amount of MeI scrubbed in the 8 
nose, air concentrations of the chamber and in the rabbit’s nose (samples from a tube which 9 
extended into the nasopharynx) were compared.  An estimate was that 72% of MeI was 10 
scrubbed, irrespective of initial chamber MeI concentration.  MeI did not affect the tidal volume, 11 
breathing frequency, or minute volume.  This study was considered supplemental information to 12 
DPR. 13 
 14 


Anesthetized male Sprague-Dawley rats (9-11 weeks of age, 6 animals) were placed in a 15 
sealed glass chamber and exposed (whole-body) to MeI at 0.7 to 1 ppm (measured) for 40 16 
minutes (Thrall et al., 2004b).  The minute volumes ranged from 23 to 95 mL/min with an 17 
average of 71 ± 9 mL/min over the 40-minute exposure period.  Breathing frequencies ranged 18 
from 54 to 80812 breaths per minute (bpm).  Tidal volumes ranged from 0.08 to 2.8 mL/kg.  The 19 
calculated breathing rates (0.09 to 0.36 m3/kg/day) for these anesthetized rats were much lower 20 
than those (1.51 to 1.89 m3/kg/day) for unanesthetized rats (Himmelstein, 2004).  For rats, an 21 
estimated 63 % of MeI was scrubbed, using an initial chamber MeI concentration of about 1.1 22 
ppm.  MeI did not affect tidal volume, breathing frequency, or minute volume.  This study was 23 
considered supplemental information to DPR. 24 
 25 


Non-anesthetized and unrestrained female New Zealand White rabbits (12 to 15 weeks of 26 
age, 3/group) were exposed to MeI (1, 2, 10, or 50 ppm) by whole-body inhalation for 4 hours 27 
(Thrall et al., 2004c).  The remaining MeI air concentrations after 4 hours averaged less than 28 
10% of initial concentrations, regardless of exposure level.  Non-specific loss of MeI in the 29 
chamber was estimated to be less than 5% per hour.  Additional non-specific loss to the body of 30 
a single deceased rabbit was estimated to be 9% over 4 hours.  An effort to use some rabbits pre-31 
treated with diethyl maleate (to retard metabolism of MeI) was unsuccessful due to death or 32 
distress of rabbits.  This study was considered supplemental information to DPR. 33 
 34 


Respiratory parameters were measured in New Zealand rabbits (4 females/dose) exposed 35 
to MeI (0 or 18.5 ppm; 99.7% purity) for 6 hours while housed in a whole-body plethysmograph 36 
(DeLorme, 2004).  Treated rabbits showed similar breathing frequency of 127 ± 12 breathes per 37 
minute as the control (131 ± 7 breathes per minute).  Tidal volume and, therefore, minute volume 38 
for the treated rabbits were elevated; 5.1 mL and 524 mL/min, respectively, compared to 3.7 mL 39 
and 404 mL/min, respectively, for the control.  In addition, blood samples were collected for 40 
serum inorganic iodide and hemoglobin adduct analyses.  There was increased S-methylcysteine 41 
concentration in hemoglobin of treated rabbits (89 ± 20 nmol/g globin, not statistically 42 
significant), compared to the control (70 ± 3 nmol/g globin).  Rabbits exposed to MeI 43 
demonstrated over a 1000-fold increase in inorganic serum iodide levels (mean of 11800 ± 2040 44 


                                                 
12 The report noted that two animals had very high breathing frequencies (657 and 808 bpm), while the other 4 
animals ranged from 54 to 95 bpm. It cited a literature published range of 47 to 136 bpm.  
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ng/mL) compared to control (9 ± 3 ng/mL).  This study was considered supplemental 1 
information to DPR.   2 


 3 
Computational fluid dynamics simulation was used to predict the percentages of inhaled 4 


air expected to pass through dorsal and ventral regions of the nose, and to characterize inter-5 
individual differences in flow patterns in rabbits (Corley et al., 2004).  Three untreated female 6 
New Zealand White rabbits were anesthetized for imaging of the head by Magnetic Resonance 7 
Imaging to reveal the three-dimensional structures of the nasal passages.  A consistent estimate 8 
of about 20% of flow was determined to pass through the dorsal olfactory region, with the 9 
balance of flow in the rearward part of the nose moving through the ventral respiratory region.  10 
This study was considered supplemental information to DPR.   11 
 12 
III.J.2.  Iodide and Fetotoxicity 13 
 14 
 This section describes studies on iodide disposition in rabbits, in addition to those already 15 
discussed under Section III.G.2. Rabbit-Inhalation, for PBPK modeling. 16 
 17 


Timed-pregnant New Zealand White rabbits (21/dose) received 131I-NaI by intravenous 18 
injection (ear vein, single bolus dose) at 0.75 and 10 mg/kg on GD 25 (Morris et al., 2004).  19 
Three rabbits per group were sacrificed at 0.5 to 24 hours post-dosing.  The distribution of 131I 20 
was quantified in several tissues from the does and fetuses.  The amniotic fluid sample was a 21 
combined sample of 3 fetuses per litter.  Whole blood was withdrawn from the fetal hearts.  In 22 
the maternal tissues, thyroid iodide levels increased with time and dose (Table 50).  They were 23 
many fold higher than those for the blood and plasma, which peaked after 1 hour of exposure and 24 
continued to decline over the 24 hours.  The relative concentration of label in maternal thyroid 25 
compared to the other tissues in 10 mg/kg does increased over time to about 20-fold over other 26 
tissues by 24 hours.  In the low-dose rabbits, the relative concentration in maternal thyroid by 24 27 
hours was over 100-fold higher than any other maternal tissues evaluated.  In does, the skin also 28 
had high 131I radioactivity content with the level diminished over time.  In comparison, fetal 29 
stomach had the highest tissue iodide levels, with lower levels in other sites (thyroid+trachea, 30 
trachea only, blood, and amniotic fluid).  For the blood, peak levels were measured about 4 hours 31 
after exposure, and were higher than that for the does.  At 0.75 mg/kg, the combined thyroid and 32 
trachea iodide levels were higher than those for trachea alone.  This effect was not evident for the 33 
10 mg/kg/ group.  The fetal/maternal blood ratios (F/M) showed an increase with time, indicating 34 
some concentration of iodide in the fetuses; this was particularly evident in the low dose group.  35 
This study was considered supplemental information to DPR. 36 
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Table 50.  Radioiodide recovered from pregnant rabbits and fetuses given sodium iodide by 1 
intravenous injection.a  2 


 3 
Tissue Iodide Levels (µg/g)  


Maternalb Fetalc 
Hours 
post 
dose Thyroid Blood Plasma Thyroid 


+trachead 
Tra- 
chea 


Blood Stomach  
content 


Amniotic 
fluid 


F/M 
ratio


Pregnant rabbits at 0.75 mg/kg (2.82 mg to 3.10 mg total dose) 
0.5 0.93 


±0.39 
0.09 
±0.02 


0.10 
±0.02 


1.28 
±0.46 


0.62 
±0.62 


0.20 
±0.08 


0.83 
±0.17 


0.04 
±0.02 


2.22 


1 1.34 
±0.39 


0.13 
±0.04 


0.14 
±0.05 


2.15 
±1.08 


1.68 
±1.09 


0.35 
±0.11 


1.76 
±0.63 


0.12 
±0.04 


2.69 


2 2.34 
±0.29 


0.09 
±0.05 


0.17 
±0.09 


2.23 
±0.94 


1.77 
±1.72 


0.37 
±0.12 


4.38 
±1.48 


0.39 
±0.13 


4.11 


4 4.45 
±2.41 


0.14 
±0.09 


0.14 
±0.08 


3.84 
±2.50 


1.73 
±1.36 


0.37 
±0.13 


6.90 
±5.70 


0.59 
±0.19 


2.64 


6 3.52 
±1.07 


0.07 
±0.02 


0.08 
±0.02 


2.75 
±1.24 


1.77 
±1.38 


0.40 
±0.14 


4.93 
±1.34 


0.73 
±0.23 


5.71 


12 5.80 
±2.57 


0.06 
±0.02 


0.07 
±0.02 


2.93 
±1.56 


1.83 
±1.45 


0.25 
±0.08 


8.55 
±6.19 


0.87 
±0.28 


4.17 


24 13.73 
±12.60 


0.05 
±0.01 


0.05 
±0.02 


2.47 
±0.41 


2.04 
±2.61 


0.29 
±0.07 


8.51 
±5.32 


0.84 
±0.36 


5.80 


Pregnant rabbits at 10 mg/kg (36.91 mg to 40.72 mg total dose) 
0.5 4.64 


±0.81 
2.64 
±0.43 


2.80 
±0.31 


3.83 
±1.45 


3.64 
±1.91 


1.71 
±0.87 


3.74 
±1.56 


0.21 
±0.08 


0.64 


1 9.94 
±7.05 


3.07 
±0.82 


3.16 
±0.67 


6.82 
±2.12 


7.46 
±2.70 


2.8 
2±0.50 


13.00 
±3.83 


0.81 
±0.38 


0.91 


2 6.74 
±2.62 


2.22 
±0.52 


2.51 
±0.57 


7.74 
±5.05 


5.30 
±1.88 


3.44 
±0.60 


25.13 
±10.17 


2.48 
±0.75 


1.55 


4 8.50 
±1.55 


2.18 
±0.18 


2.30 
±0.44 


7.54 
±1.83 


9.38 
±4.40 


5.08 
±1.05 


47.65 
±18.37 


4.81 
±1.84 


2.33 


6 7.80 
±4.79 


1.77 
±0.11 


1.91 
±0.11 


7.36 
±1.70 


9.29 
±3.98 


4.59 
±1.91 


56.62 
±26.22 


5.37 
±2.01 


2.59 


12 13.55 
±5.23 


1.79 
±0.90 


1.91 
±0.99 


8.38 
±4.17 


10.07 
±4.45 


5.07 
±1.79 


52.06 
±22.32 


9.50 
±3.20 


2.83 


24 21.11 
±7.71 


1.06 
±0.48 


0.89 
±0.55 


8.96 
±6.22 


19.68 
±25.61 


2.87 
±1.12 


53.79 
±37.56 


6.64 
±1.51 


2.71 


a/ Data from Morris et al. (2004).  F/M ratio=fetal blood/maternal blood ratio. 4 
b/ Mean of 3 rabbits. 5 
c/ Mean of 9 fetuses from 3 litters (3 fetuses/litter). 6 
d/ Since the fetal thyroid is so small, a section of the trachea containing the thyroid was sectioned.   7 
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In a study to determine the fetal and maternal iodide levels and their ratios in humans in 1 
PBPK modeling, Rayburn et al. (2007) collected maternal plasma and newborn umbilicord 2 
plasma from live births after caesarean or vaginal delivery.  The gestational age ranged from 29 3 
weeks to 41 weeks, with <37 weeks of gestation defined as pre-term.  Phase I was the main 4 
study.  Phase II and III involved collection of amniotic fluid and placental tissue; these studies 5 
were stopped due to contamination of amniotic fluid with maternal blood, and difficulty in 6 
collecting placental tissues.  This study was reviewed and approved by the University of New 7 
Mexico Human Research Review Committee.  Only results from Phase I are discussed here. 8 


 9 
The report provided only a single measurement per sample for iodide (reported as free iodide).  10 
The maternal:fetal ratios were calculated from values of matched pairs.  Two values were 11 
excluded.  Subject #95 (gestation 33 weeks) fetal iodide level was considered too high at 460.7 12 
μg/dL (possibly due to sample contamination since the maternal iodide was not elevated).  13 
Subject #97 (gestation 33 weeks) showed both high maternal (50.2 μg/dL) and fetal (20.6 μg/dL) 14 
levels, possibly due to a drug (unidentified) taken to treat fetal tachycardia.   15 
 16 
For plasma iodide, there was no difference in the levels between mothers who gave birth to pre-17 
term or term babies (Table 51).  The overall average was 1.5±0.7 μg/dL for the total of 121 18 
deliveries.  The iodide in the cord plasma showed a mean value (1.6±0.7 μg/dL), similar to that 19 
for the maternal plasma.  However, the iodide level for preterm cord plasma was significantly 20 
lower (1.4±0.5) than that for term cord plasma (1.7±0.7).   21 
 22 
The average cord/maternal plasma iodide ratio for preterm was significantly lower (0.9±0.3) than 23 
that for all and term only deliveries (Table 51).  But there was wide variability with an 24 
overlapping range of values: 0.35 to 2.11 for preterm and 0.35 to 5.4 for term deliveries.   25 
 26 
Table 51.  Iodide levels in human maternal and newborn tissues and ratios.a 27 
 n Mean ±sd Range 
Iodide level (μg/dL) 
Maternal Plasma    
All deliveries 121 1.5±0.7 0.3 to 5.6 
Pre-Term deliveries 29 1.6±0.4 0.4 to 3.4 
Term deliveries 92 1.5±0.5 0.3 to 5.6 
Cord Plasma    
All deliveries 121 1.6±0.7 0.3 to 4.5 
Pre-Term deliveries 29 1.4±0.5** 0.3 to 2.5 
Term deliveries 92 1.7±0.7 0.7 to 4.5 
Cord/maternal plasma iodide ratios 
All deliveries 121 1.2±0.7 0.35 to 5.4 
Pre-Term deliveries 29 0.9±0.4** 0.35 to 2.11 
Term deliveries 92 1.3±0.8 0.35 to 5.4 
a/ Data from Rayburn et al. (2007).  ** indicates preterm values as significantly lower than term values.   28 
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III.J.3.  Glutathione and MeI Toxicity 1 
 2 
 Metabolism of MeI via reaction with GSH was measured in vitro using headspace 3 
techniques.  MeI and GSH (20 mM) were added to the headspace of sealed vials containing 4 
cytosol prepared from liver, kidneys, olfactory epithelium, and respiratory epithelium of 5 
pregnant New Zealand White rabbits, liver and kidneys of pooled rabbit fetuses, liver and 6 
kidneys of male SD rats, and liver and kidneys of female human donors (Poet and Wu, 2004).  7 
Metabolic rate constants were determined using a two-compartment model that described the 8 
uptake of MeI from the headspace into the media and the metabolism of MeI within the media 9 
(Table 52).  The best-fit loss rate (first-order rate; hr-1) was estimated from the slope of the line 10 
for the initial loss of MeI by optimization of the least-squares fit of the mathematical model to 11 
the concentration data.  Maternal rabbit olfactory epithelium was the most efficient at 12 
metabolism of MeI (i.e., high Km and Vmax values) under test conditions (in the presence of 13 
excess GSH).  Fetal tissues, in contrast, were inefficient (liver) or apparently incapable of 14 
metabolism (kidney), as evidenced by low Km and Vmax values.  Other values were intermediate, 15 
with liver consistently more active than kidneys.  Human liver cytosol values were highly 16 
variable, and one liver sample had an extremely low Vmax value.  It was not clear whether this 17 
case represented quality control problems with the samples (which were purchased from an 18 
outside source), or whether this represented an individual who is a non-conjugator.  The present 19 
study did not assess the availability of reduced GSH in the tissues.  This study was considered 20 
supplemental information to DPR.     21 
 22 
Table 52.  Metabolic rate constants for MeI in tissues in vitro.a 23 
Tissues Human Rat Rabbit Fetal Rabbit 
Liver  Km µM 
          Vmax nmol/min⋅mg 
          Vmax/Km hr-1 


  78.27 
  47.51 
  36.4 


    25.30 
    39.98 
    94.6 


      46.69 
      10.03 
      12.9 


    5.19 
    0.411 
    4.75 


Kidney  Km µM 
             Vmax nmol/min⋅mg 
             Vmax/Km hr-1 


  12.92 
  11.8 
  55.0 


    13.41 
    15.0 
    67.5 


      73.83 
        4.38 
        3.56 


ND 
ND 
ND 


Olfactory    Km µM 
                Vmax nmol/min⋅mg 
                Vmax/Km hr-1 


NA 
NA 
NA 


NA 
NA 
NA 


24922 
20110 
      48.4 


NA 
NA 
NA 


Respiratory    Km µM 
                Vmax nmol/min⋅mg 
                Vmax/Km hr-1 


NA 
NA 
NA 


NA 
NA 
NA 


  2669 
    214.1 
        4.81 


NA 
NA 
NA 


a/ Values presented are averages from Poet and Wu (2004).   ND=not detected, NA= not measured in these tissues.    24 
 25 


 26 
 27 
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 The relationship between metabolism and MeI toxicity in the nasal cavity was also 1 
studied in vitro using the headspace technique with vials containing MeI, GSH, and liver and 2 
nasal (olfactory and respiratory epithelium) tissues from Wistar rats (Chamberlain et al., 1998b).  3 
Glutathione depletion was more prominent in the cytosolic fraction compared to the microsomal 4 
fraction of the three tissue preparations.  With the cytosol, the liver had the highest GSH-S-5 
transferase activity with GSH depletion rate of about 60 nmol/min/mg protein (estimated from 6 
Figure 3 from report) with slower rates in the olfactory (40% of liver rate) and respiratory (7% of 7 
liver rate) epithelium.  The GSH depletion in the liver microsomal fraction was about 1/10 of the 8 
cytosol.  The authors suggested that this activity was due to cytosolic contamination of the 9 
microsomal fraction since no activity was detected in the olfactory or respiratory epithelial 10 
microsomes.  The non-enzymatic conjugation rate was estimated at 5 nmol/min when no tissue 11 
preparation was added.  S-methyl-GSH was identified as the conjugation product with 1:1 12 
stoichiometry for substrate used and metabolite formation for both liver and olfactory cytosols.  13 
Affinity chromatography with various substrates showed that the theta class of GSH-S-14 
transferase catalyzed the conjugation of MeI with GSH.  Methyl iodide was not metabolized by a 15 
cytochrome P450-dependent pathway because formation of formaldehyde was not detected in 16 
microsomal incubations.  Covalent binding studies with ethmoturbinates (mainly olfactory 17 
epithelium) and naso- and maxilloturbinates (respiratory and transitional epithelium) showed 18 
time- and concentration- dependent binding of MeI to these tissues.  After 3 hours of incubation, 19 
the extent of covalent binding was similar for olfactory turbinates (2.73±0.62 nmol/mg protein) 20 
and respiratory turbinates (3.68±0.47 nmol/mg protein).  Thus, the extent of covalent binding 21 
was not a factor in the selective toxicity between olfactory epithelium and respiratory epithelium.   22 
 23 
 The metabolism and mode of action for MeI-induced neurotoxicity were studied in vitro 24 
using fetal and young mouse neuronal cell cultures containing mixed neuronal and glial cells 25 
(Bonnefoi et al., 1991).  Results with cerebrocortical cells showed that MeI depleted GSH in 26 
these cultures.  This depletion was related to cell death caused by oxidative stress because 27 
pretreatment with the antioxidants, BW 755C and NDGA13, resulted in a 20-fold increase in the 28 
LD50 of MeI.  Since GSH depletion occurred (maximal after 2 hours exposure to MeI) before 29 
lactate dehydrogenase release (16 hours after exposure), the depletion was considered as the 30 
starting point for eventual cell death.  Methyl iodide also caused an increase in formaldehyde 31 
production.  However, formaldehyde, as a GSH-mediated metabolite, was apparently not 32 
involved in cell death because sulfasalazine, a GSH-s-transferase inhibitor, did not protect the 33 
cells against toxicity.   34 
 35 
 Further studies by Bonnefoi (1992) with mouse fetal cerebrocortical cell cultures 36 
examined the mitochondrial GSH pool and functions in MeI toxicity.  Methyl iodide was a more 37 
effective depleter of cytosolic GSH than mitochondrial GSH; the ED50s were 0.02 mM and 1 38 
mM, respectively.  However, the depletion of the cytosolic GSH did not consistently lead to 39 
cytotoxicity, while neural cell death occurred whenever mitochondrial GSH was depleted by 40 
more than 50% after MeI treatment.  Pretreatment of cells with antioxidants, BW 755C and 41 
DPPD14, and the GSH precursor, N-acetylcysteine, reduced the cytotoxicity and GSH depletion 42 
in both compartments by MeI.  For these effects, the antioxidants were more effective than N-43 
acetylcysteine as they completely blocked the mitochondrial GSH depletion by MeI.  Methyl 44 


                                                 
13 BW 755C=3-amino-1-[m-(trifluoromethyl)phenyl]-2-pyrazoline and NDGA=nordihydroguaiaretic acid. 
14 DPPD=N,N'-diphenyl-p-phenylenediamine 
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iodide also decreased mitochondrial metabolism, as measured by mitochondrial dehydrogenase 1 
reduction of 3-[4,5-dimethylthazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) to formazan.  2 
This effect was only partially inhibited by both BW 755C and DPPD under conditions, which 3 
had effectively blocked GSH depletion by MeI.  This result suggested that MeI might have a 4 
direct effect on mitochondrial proteins causing a change in GSH gradient, and not a direct 5 
reaction with GSH in the mitochondrial matrix.    6 
 7 
 Davenport et al., (1992) used mixed neural cultures from mouse embryo cerebral cortex 8 
and the cerebellum to show that MeI caused morphological alterations and lactate dehydrogenase 9 
leakage.  The mechanism was elucidated with inhibitors.  The lack of effect by a glutamate 10 
antagonist showed that glutamate was not involved in MeI-induced effect.  Inhibitors of 11 
arachidonic acid metabolism (sodium salicylate, lysine acetyl salicylate, and dexamethasone 12 
phosphate) also did not have any protective effects.  On the other hand, BW 755C, and NDGA 13 
protected the cells against MeI toxicity; this was related to their antioxidant effect.   14 
 15 
 Instead of mixed cell cultures, Chamberlain et al. (1999) investigated the role of GSH in 16 
MeI-induced neurotoxicity using rat (8-day old) cerebellar granule cell primary cultures.  Methyl 17 
iodide extensively depleted GSH and was cytotoxic, but these effects were inhibited by the 18 
antioxidants, vitamin E, butylated hydroxytoluene (BHT), and desferrioxamine mesylate (DF).  19 
The role of GSH level in cytotoxicity was confirmed when GSH depletion with 1-buthionine 20 
sulphoximine (BSO) resulted in enhanced cytotoxicity, while isopropyl ester of GSH (IP-GSH) 21 
provided protection.  These results are consistent with those by Chamberlain et al. (1998a), who 22 
noted that GSH depletion was transient and was an early indicator of toxic effects.  Since there 23 
was little evidence for lipid peroxidation or oxidation of GSH to GSSG by halomethanes from 24 
other studies, the investigators hypothesized that the antioxidants acted to trap MeI, and that 25 
cytotoxicity was not caused by oxidative stress.  Glutathione was involved in detoxification of 26 
MeI. 27 
 28 
 The potential for MeI-induced GSH depletion in the reproductive tract was studied in 29 
male rats given MeI (100 mg/kg) by the oral route (Gandy et al., 1990).  Liver, testes, and 30 
epididymides GSH levels were measured at 1 to 16 hours after dosing.  The GSH levels were 31 
reduced only at the 1-hour time point.  MeI caused significant rapid reduction of GSH in the liver 32 
(92% reduction), epididymides (63%), and testes (36%).  By 16 hours, the liver and testes GSH 33 
increased to control level.  The epididymides GSH was also recovered but was only to 64% of 34 
control level. 35 
 36 
III.J.4.  Other Studies 37 
  38 
  A comparison of exposure routes on adduct formation was conducted with F344 rats 39 
(5/group/sex) exposed to 14C-MeI by gavage (9 µmoles/animal) or whole-body inhalation (45 40 
µmoles/animal) (Xu et al., 1990).  The animals were sacrificed either 6 hours after oral dosing, 41 
or immediately after the 24-hours of inhalation exposure.  Hemoglobin adducts were detected at 42 
similar levels for both genders.  Higher level (about 4 times) of adducts were found for the 43 
inhalation route than the oral route.  The authors hypothesized that the lower adduct levels in the 44 
orally treated rats might be due to detoxification in the liver.  The report did not provide 45 
sufficient information to calculate the dose for this study.   46 
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The effects of MeI on deiodinase activity15 (D1, D2, and D3) were examined in rats and 1 
rabbits using in vitro and in vivo assays (Farwell, 2004).  The experimental design and results are 2 
summarized in Table 53.  Some of the tissues used were from other studies (Himmelstein, 2004; 3 
Sloter, 2005b).  These assays showed that MeI inactivated D1 under some experimental 4 
conditions.  In vitro rat liver and kidney microsomal D1 activities were reduced (50%) at 50 to 5 
100 mM MeI; no effects were detected at lower doses of 100 nM to 10 mM.  Both tissues yielded 6 
non-linear Dixon plots, indicative of non-competitive inhibition, probably enzyme inactivation.  7 
A second study, in which microsomal-MeI incubation was diluted 10-fold first prior to assay, 8 
showed much lower D1 activity (about 10% of control) with reason unknown.   9 


 10 
In vivo assay of tissues from rats exposed to 25 or 100 ppm MeI (Himmelstein, 2004) showed 11 
measurable dose-related inhibition of D1 in kidney and liver homogenates for both dose levels.  12 
Kidney D1 activity of pregnant rabbits exposed at 20 ppm (the only treated group; Sloter, 2005b) 13 
decreased by about 65% compared to controls.  Livers from the same treated does, or those 14 
(kidneys and livers) from fetuses, showed no treatment related response.    15 
 16 
For D2 in vitro assay, the astrocyte cultures from neonatal rat brain were incubated with MeI at 17 
100 nM to 100 mM.  D2 activity was inhibited at >100 µM, with 50% and 30% of control 18 
activity at 1 mM and 10 mM, respectively.  However, the inhibition might be due to cytotoxicity 19 
since 1 mM and possibly even 0.1 mM were cytotoxic under these conditions, based on dye 20 
exclusion properties.  D2 activity for astrocyte lysates was also inhibited by MeI, at about 5 mM 21 
and above.  Dixon plot and dilution-recovery studies (similar to D1 tested) were also consistent 22 
with enzyme inactivation.  Brain homogenates from rats exposed to MeI (Himmelstein, 2004) 23 
showed inhibition of D2 activity.  At 25 ppm and 100 ppm, there were about 35% and 45-55% 24 
reduction, respectively.  Brain D2 activities were unchanged in the 20 ppm MeI treated rabbit 25 
does or fetuses. 26 
 27 
D3 activity in the homogenates of brain from rats (Himmelstein, 2004) and placenta from rabbits 28 
(Sloter, 2005b) was not altered by exposure to MeI or NaI.   29 


 30 
These results indicated that it was unlikely that deiodinase inhibition was a factor in rabbit 31 
developmental toxicity studies.  This study was considered a supplementary study.  These 32 
interpretations should consider the limitations of these studies: no individual data provided in the 33 
report, limited doses and exposure duration studied, and different experimental designs between 34 
the rat and rabbit in vivo studies.   35 
 36 


                                                 
15 Deiodinases remove iodine moieties from thyroid hormones, T3 and T4. Type I 5’-deiodinase (D1) removes 
iodine from the outer ring, and is found in the liver, kidney, thyroid, and brain. Type II 5’deiodinase (D2) also 
removes iodine from the outer ring, and is found in the brain, pituitary, and rodent brown adipose tissue. Type III 5’-
deiodinase (D3) removes iodine from the inner ring, and is found in the placenta and brain. Its function results in the 
inactivation of T4 and T3 to rT3, and 3,3'-diiodothyronine, respectively. In fetal development, D3 is considered 
essential in protecting the embryo from excess thyroid hormone. 
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Table 53.  Effects of MeI and NaI on deiodinase activity.a  1 
Assays Tissue Sources Result 
D1 
in vitro Rat: Adult liver and kidney 


microsomes  
Loss of D1 activity at 50 –100 mM MeI due to 
enzyme inactivation rather than inhibition. 


Rat: Liver and kidney homogenate 
from dams exposed to MeIb 


25 ppm MeI:  
 Kidney D1-15-20% decrease (p<0.05)  
 Liver D1- 10-15% decrease (not significant)  
 
100 ppm MeI: 
 Liver and Kidney D1- ~40% (p<0.05)  


in vivo 


Rabbit: Liver and kidney from 
pregnant does and fetus exposed to 
MeI or NaIc 


Adult or fetal liver- no effect by MeI or NaI 
Adult kidney-65% decrease by MeI, but not NaI 
Fetal kidney-No effect by MeI or NaI 


D2 
in vitro Rat: Neonatal rat brains Astrocyte culture with MeI 


1 mM: 50% decrease 
10 mM: 70% decrease 
 >1 mM: cytotoxicity  
Astrocyte lysate with MeI 
5 mM: 50% decrease 


Rat: Brain homogenate from dams 
exposed to MeIb 


 


25 ppm MeI: ~35% decrease 
100 ppm MeI: ~45-55% decrease 
 


in vivo 


Rabbit: Brain from pregnant does 
and fetus exposed to MeI or NaIc 


No effect of NaI or MeI on adult or fetal brain D2 


D3 
Rat: Brain homogenate from dams 
exposed to MeI b  


No effect by MeI 
 


in vivo 


Rabbit: Placenta from pregnant 
doesc 


No effect by NaI or MeI 


a/ Data from Farwell (2004).    2 
b/ Tissues were from rats exposed to 25 ppm and 100 ppm MeI in the 2-day inhalation study (Himmelstein, 2004). 3 
c/ Tissues were from rabbits exposed to 20 ppm MeI during GD 23-26 (Sloter, 2005b).   4 
 5 
 6 
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IV.  RISK ASSESSMENT 1 
 2 


IV.A.  Hazard Identification 3 
 4 
Hazard identification of MeI is based on the results from laboratory animal studies 5 


because human case reports do not provide sufficient data to provide dose-response evaluations.  6 
In using laboratory animal data, the assumption is that effects observed in laboratory animals 7 
will also be observed in humans.  This section discusses the relevant toxicity endpoints and the 8 
applicable NOELs to characterize the risks of human inhalation exposure to MeI for each 9 
duration.  The NOELs and effects within each exposure duration are then compared (in terms of 10 
mg/kg/day, see calculations in Appendix B) to identify the most appropriate NOEL (critical 11 
NOEL) to address the toxicity endpoint of concern (critical endpoint) for that particular exposure 12 
duration.   13 
 14 
 Generally, the critical NOELs are used in margin of exposure (MOE) calculations.  15 
Uncertainty related to the extrapolation of data from laboratory animals to humans due to 16 
pharmacokinetic differences is addressed using a default uncertainty factor, when determining 17 
the benchmark MOE needed for health protection.  In the case of MeI acute exposure, the need 18 
for this uncertainty factor was eliminated because of data available for PBPK modeling to adjust 19 
the critical NOEL for the interspecies pharmacokinetic differences.  Thus, the risk is calculated 20 
by using a tissue dose (HEC) that is linked to a likely MOA, rather than the external exposure 21 
concentration (the NOEL).  To be consistent, the critical NOELs from subchronic and chronic 22 
toxicity are also expressed as HECs, but using DPR methodology where age-related differences 23 
in intake were adjusted using age-related breathing rates, and the interspecies pharmacokinetic 24 
difference was addressed using a default PKanimal factor of √10 (see calculations in Appendix B). 25 


 26 
IV.A.1.  Acute Inhalation Toxicity 27 


 28 
 For acute inhalation exposure, toxicity observed after short-term exposure and 29 
developmental effects are considered.  For acute exposure, the toxicity endpoints of concern are: 30 
fetal death in rabbits, olfactory epithelial degeneration in rats, and neurotoxicity in rats (Table 31 
54).  The fetal death endpoint is applicable in the risk assessment of women of child-bearing age 32 
since it was a result of maternal exposure to MeI.  The other endpoints are applicable for the 33 
general population exposure. 34 


 35 
 The critical NOEL and MOA discussions in this section are necessarily detailed because 36 
the critical NOEL serves as the starting point of PBPK modeling, and the MOA determines the 37 
choice of PBPK dose metric, both substantially impact the final HEC.  The choice of dose metric 38 
and review of the PBPK models used to determine the HECs are discussed separately in 39 
Appendix A.  A comparison with USEPA approaches is made in this section, as well as in the 40 
Appendix A, as the two agencies differ in key components for PBPK modeling of the data. 41 
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Table 54.  The acute toxicity of MeI.a 1 
ppm (air) mg/kg/


day 
Studies 


NOEL LOEL NOEL 


Effects References 


Inhalation Studies  
Rat  
6 hours/day 


    27  
 


  93 
 


  37 ↓ Body temperature and 
motor activity 


*Schaefer, 2002b 


Rat  
4 weeks 
6 hours/day 


 
    21 


 
  70 


 
  28 


Olfactory epithelium 
degeneration  


*Kirkpatrick, 
2002bc 


Rat 
6 hours/day x 2 days 


  <25   25 <67 Nasal GSH depletion; ↑TSH, 
T3 and T4 


Himmelstein, 
2004b 


Rat 6 hours/day 
GD 6-19 


    
   60 


   
  >60 


   
  81 


↓ Maternal weight 
No developmental toxicity 


*Nemec, 2002cd 


Rabbit 6 hours/day 
GD 6-28 


     2 
 
 


  10     1.5 ↑ Late resorption, ↓ viable 
fetuses, ↓ fetal weight  


*Nemec, 2002dd 


Rabbit 6 hours/day 
GD 25-26 


  <25   25 <19 ↑ Late resorption, ↓ viable 
fetuses  


Nemec, 2003d 


Rabbit 6 hours/day 
GD 23-24 
or 23-26 


  <25   25 <19 ↑ Late resorption, thyroid 
effects 


Sloter, 2005ad 


Rabbit 6 hours/day 
GD 23-26 


  <20   20 <15 ↑ Late resorption, ↓ viable 
fetuses, thyroid effects 


Sloter, 2005bd 


Oral Studies 
Rat gavage 
1 dose 


NA NA <50 Mortality, clinical signs *Bonnette, 
2001ab 


Rat gavage 
1 dose 


NA NA <100 Mortality, clinical signs Harriman, 2003ab 


Mouse gavage 
1 dose 


NA NA 100 Clinical signs *Bonnette, 
2001bb 


a/ * indicates the studies were acceptable to DPR according to FIFRA guidelines.  Unless specified, the inhalation 2 
studies were conducted by whole-body exposure.  NA=not applicable. 3 


b/ Studies described in III.B.  Acute Toxicity. 4 
c/ Study described in III.C.  Subchronic Toxicity. 5 
d/ Studies described in III.G.  Developmental Toxicity. 6 
 7 
 8 
 9 
 10 
IV.A.1.a.  Fetal Death 11 
 12 
IV.A.1.a.(1)  Critical NOEL 13 
 14 
 The critical NOEL for acute MeI toxicity established by DPR is 2 ppm based on rabbit 15 
fetal death during late gestation period at the LOEL of 10 ppm (Table 34; Nemec, 2002d).  Fetal 16 
body weight was also significantly lower at this LOEL.  Based on the same endpoints as 17 
described for DPR’s NOEL determination, the study author also concluded that the NOEL for 18 
pre-natal developmental toxicity is 2 ppm (Nemec, 2002d).   19 
 20 
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 Fetal death in rabbits as a consequence of MeI exposure was also reported in a 1 
subsequent study by Nemec (2003) that was conducted to determine the window of vulnerability 2 
for fetal death.  The most prominent fetal effect of MeI was from exposures during GD23 to 3 
GD26 (Table 35).  Fetal death within this short duration is also important to determine whether 4 
the PBPK dose metric for the HEC should be based on single or multiple days of repeated 5 
exposure.  For ease of discussion, the data for this endpoint from both Nemec studies are 6 
summarized in Table 55.  7 
 8 
Table 55:  Rabbit fetal late resorption and death data from MeI treatment.a 9 
 10 


MeI Late Resorption 


ppm GD 
Viable 
fetus % Fetus/Litterb Litter Affectedb Fetus Affectedc 


Study: Nemec 2002d (n=19-22) 
0 NA 6.1±2.6 1.8 ±   6.4   2/22 (9%)* 3/143 (2%)* 
2 6-28 5.5±2.6 3.3 ± 10.9   2/19 (11%) 6/115 (5%) 
10 6-28 4.6±2.6 11.1 ± 21.2   6/20 (30%) 18/109 (17%)** 
20 6-28 3.6±2.2** 22.5 ± 27.2** 11/20 (55%)** 34/110 (31%)** 
Study: Nemec 2003 (n=17-21) 
0 6-28 - 1.1 ±   3.2  2/18  (11%) 2/129 (2%) 
20 6-28 - 18.3 ±  24.9** 10/19 (53%)** 25/114 (22%)** 
20 6-14 - 1.1 ± 3.5   2/23 (9%) 2/121 (2%) 
20 15-22 - 0.0  ±   0.0   0/20 (0%) 0/131 (0%) 
20 23-24 - 6.3  ±  11.3   5/17 (29%) 11/119 (9%)** 
20 25-26 - 9.6  ±  21.3   6/21 (29%) 16/143 (11%)** 
20 27-28 - 0.0  ±   0.0   0/20 (0%) 0/131 (0%) 
a/ The estimated dose at 2, 10, and 20 ppm MeI was 1.5, 8, and 15 mg/kg/day MeI.  In both studies, fetal 11 


observations were made on GD 29. *, ** for statistical significance at p<0.05 and <0.01, respectively. Viable 12 
fetus = number of viable fetus per litter. % Dead fetus/Litter = average percent of “late resorption” per litter. 13 
Litter Affected = number of litter with fetal death/total litter. Fetus Affected = total number of dead fetus/total 14 
fetus     15 


b/ Litters with 100% early resorption were excluded   16 
c/ Per total fetus at risk (minus early resorption).   17 
 18 
 19 
 20 
 One clarification should be made about “late resorption” as an endpoint.  This term was 21 
used in the submitted toxicity and pharmacokinetic studies of MeI in rabbits.  One companion 22 
observation in these reports was “dead fetus”.  However, none of these reports clearly describe 23 
how “dead fetus” is different than “late resorption”.  As noted in Table 55, one fetus per 10 and 24 
20 ppm dose groups in the Nemec study (2002d) was found dead at sacrifice on GD 29.  No dead 25 
fetus was found in the subsequent study by Nemec (2003).  In this document, fetuses from late 26 
resorption are generally referred to as “dead”, and the endpoint is collectively referred to as fetal 27 
death.  When appropriate, “late resorption” is used for cross reference to data presented in 28 
Section III. TOXICOLOGY PROFILE, and in contrast to the post-natal death described in the 29 
published literature.  Regarding the specific use of rabbit fetal death as an endpoint for human 30 
health risk assessment, the default approach of using the critical endpoint from the most sensitive 31 
laboratory species is valid since there is no evidence that rabbit is inappropriate as a toxicity 32 
model for humans.   33 
 34 
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 Rabbits appear to be more sensitive to MeI induced fetal death than rats within the study 1 
protocols, since no excess fetal death was reported in the rat teratology study at as high as 60 2 
ppm (Nemec, 2002c).  However, two observations are noted.  First, the LOELs for body weight 3 
reduction appeared comparable.  In the 2-generation rat reproductive toxicity study, the LOEL 4 
for 20% body weight reduction in rat pups was 20 ppm (27 mg/kg/day; Table 33; Nemec, 2002a 5 
and b).  A lower reduction of 12% was reported for rabbit fetal body weight at a LOEL of 10 6 
ppm (8 mg/kg/day) (Nemec, 2002d).  Second, the reported MeI endpoints from rat and rabbit 7 
studies are only gross observations.  The potential for more subtle developmental effects (e.g., 8 
neurodevelopmental) in the surviving offspring was not investigated in any toxicity study of 9 
MeI, which is shown to markedly affect maternal thyroid functions in both species.  In addition, 10 
no information on rat fetal thyroid functions or maternal or fetal serum iodide levels associated 11 
with MeI exposure is available for interspecies comparison to rabbits.  Thus, a complete 12 
understanding of species specific sensitivity to developmental toxicity of MeI is not possible. 13 
 14 
 The acute critical NOEL established by USEPA is 10 ppm, also based on the Nemec 15 
study (2002d), 5-fold higher than that by DPR and the study investigator.  The USEPA basis was 16 
a lack of statistical significance of fetal death at 10 ppm when data are expressed as percentage 17 
of fetal resorption per litter (i.e., group average of 11.1% versus 1.8% in the controls, Table 55).  18 
However, DPR’s view is that toxicity determination should not rely solely on statistical 19 
indications without considering the magnitude of response.  The magnitude of greater than 6-fold 20 
increase is important, especially when the variability is high for the index.  In this case, the large 21 
variability is partly due to the varying number of implantation sites per litter, ranging from 1 to 22 
11.  It is noteworthy that the increase in late resorption is higher than the maximum mean value16 23 
in the historical control data from the conducting laboratory (Nemec, 2002d; WIL Research 24 
Laboratories, 2006).  There is also a greater than 3-fold increase in the number of litters with 25 
dead fetuses at 10 ppm (6/20 versus 2/22 in the controls).  The trend of increase is significant 26 
(p<0.05) over the dose range of the study (Table 55).  Furthermore, the ratio of total dead fetuses 27 
to the total number of fetuses per treatment group at 10 ppm was 8-fold higher than the controls 28 
(17% versus 2% in the controls), and was statistically significant (p<0.01).    29 
 30 
IV.A.1.a.(2) Mode of Action 31 
 32 
 For MeI, the most consistent observations in laboratory animals following exposure are: 33 
elevated iodide and lowered GSH in tissues and in blood, increased hemoglobin S-34 
methylcysteine adduct, and elevated maternal and fetal cholesterol levels.  The four respective 35 
possible MOAs explored in this section are:  fetal thyroid perturbation from excess iodide, GSH 36 
depletion, direct alkylation, and altered cholesterol homeostasis.  The observations can be part of 37 
key events with more than one MOA leading to fetal death.  In contrast, USEPA considered 38 
thyroid perturbation as the sole MOA and did not consider other possibilities (USEPA, 2007). 39 
 40 
 Due to data limitations and gaps, it was not possible to completely organize the data 41 
according to the International Programme on Chemical Safety (IPCS) framework for MOA 42 
evaluation of non-cancer effects for human relevance involving 1) key events, 2) concordance of 43 
dose-response relationship, 3) temporal association, 4) strength, consistency, and specificity of 44 


                                                 
16 The average historical data for late resorption per litter from 36 studies by the conducting laboratory (WIL lab) 
during 1999-2004 is 1.1±1.0%, with the range of 0 - 3.7% (WIL Research Laboratories, 2006).   







Draft – Do not cite or quote –draft MeI RCD Vol. I- March 9, 2009 


 117


association of toxicological response with key events, and 5) biological plausibility and 1 
coherence (Boobis et al., 2008).  Some of the data for comparing maternal and fetal thyroid 2 
effects showed wide variability with small sample size.  The concordance data (e.g., thyroid 3 
stimulating hormone or TSH, serum iodide levels, GSH depletion) are only available on certain 4 
pre-selected time points and dose levels (e.g., companion studies with NaI are at different iodide 5 
equivalence levels than the amount of iodide in MeI).  Studies designed for PBPK modeling used 6 
high concentrations of MeI (20 and 25 ppm) that may or may not inform the pharmacokinetics at 7 
the 2 ppm NOEL.  The limited fetal death data in the companion studies with NaI makes it 8 
difficult to relate to the MeI fetal endpoint.  Since all fetal data are collected from fetuses that 9 
survived to GD29, relating these data to dead fetuses requires an assumption that they are 10 
representative of the latter, even within the same litter, for which the MOA is to apply.  11 
Therefore, only predominant observations are presented in the context of their roles for 12 
identifying the possible MOA for fetal death, and appropriate dose metric for PBPK modeling of 13 
the data.   14 
 15 
IV.A.1.a.(2)(a) Fetal Thyroid Perturbation from Excess Iodide 16 


 17 
One possible MOA for rabbit fetal death is fetal thyroid function perturbation from 18 


accumulation of excess iodide.  Key events after MeI exposure include its rapid transformation 19 
to iodide, and subsequent differential distribution to the maternal and fetal compartments.  Fetal 20 
thyroid perturbation is the ultimate step that results in fetal death.  21 


 22 
This MOA is biologically plausible for MeI toxicity.  Iodide is a metabolite of MeI and 23 


the thyroid is the predominant target tissue after MeI exposure.  Depending on the duration and 24 
frequency of MeI exposure, the manifestation of thyroid toxicity reported in laboratory animals 25 
includes thyroid weight increase, thyroid histopathological changes that include follicular 26 
adenoma and carcinoma, and changes in hormone levels especially serum TSH (Section 27 
III.TOXICOLOGY PROFILE).  Elevated iodide levels were measured in the serum and 28 
tissues after MeI exposure. The window of fetal vulnerability to MeI in rabbits on GD23 through 29 
GD26 (Nemec, 2003) coincided with active fetal thyroid function.  30 


 31 
The issue is whether the death of rabbit fetuses is through the MOA of excess iodide 32 


specifically to the fetus, or related and influenced by maternal toxicity.  If the fetal thyroid effect 33 
is the direct cause of fetal death, fetal serum iodide is an appropriate dose metric for PBPK 34 
modeling, as is presented in the USEPA risk assessment (USEPA, 2007).  However, it is DPR’s 35 
position that convincing evidence is lacking for supporting this MOA as the sole or immediate 36 
MOA for the endpoint, and thus additional dose metrics need to be considered.  37 


 38 
 As GD23 through GD26 is the window of fetal vulnerability to MeI in rabbits (Nemec, 39 
2003), data from Sloter (2005a and 2005b) are examined.  Detailed descriptions of these studies 40 
are presented under Section III.G.2. Rabbit-Inhalation.  Briefly, the first study (Sloter, 2005a) 41 
was designed to examine the MOA for fetal toxicity by MeI by collecting data on thyroid status, 42 
GSH and iodide levels, hemoglobin adduct, fetal survival, and histopathology (Tables 36 to 41).  43 
The second study (Sloter, 2005b) included a NaI treatment group for comparison to determine 44 
the role of iodide in the toxicity (Tables 42 to 48).  Pertinent results from these tables, with a 45 
focus on GD23 to GD26, are repeated in Tables 56 and 57, as well as shown in Figures 2 and 3 46 
for ease of discussion.  While there are limitations in these sets of data due to difference in MeI 47 
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concentration (25 ppm versus 20 ppm), wide variations of values, and absence of information at 1 
<20 ppm, they are sufficient for this discussion.  2 
 3 
Table 56.  Rabbit maternal and fetal thyroid status reported by Sloter (2005a).a 4 
 MeI (6 hr/day) on GD23-24 MeI (6 hr/day) on GD23-26 
 0 ppm 25 ppm 0 ppm 25 ppm 
Maternal 
TSH; ng/mL 0.73 ± 0.13 0.99 ± 0.32* 0.77 ± 0.11 1.05 ± 0.30* 
T3; μg/dL 0.190 ± 0.021 0.144 ± 0.030* 0.154 ± 0.025 0.122 ± 0.026* 
T4; μg/dL 1.9 ± 0.5 1.4 ± 0.5 1.8 ± 0.5 1.6 ± 0.6 
Serum iodide; 
mg/L; (range)  


0.027 - <0.1 17.2±4.0b 


(9.8-22.7) 
<0.02 - <0.1 26.4±19.5b 


(10.2-78.0) 
Fetalc 


TSH; ng/mL 1.70 ± 0.23 1.47 ± 0.42 1.37 ± 0.27 9.71 ± 8.94* 
T3; μg/dL 0.007 ± 0.0028 0.003 ± 0.003* 0.011 ± 0.005 0.012 ± 0.006 
T4; μg/dL 0.09 ±0.07 0.05 ± 0.10 0.26 ± 0.13 0.06 ± 0.07* 
Thyroid colloid 
decreased 


0/79 (0%) 10/73 (14%) 0/99 (0%) 72/81 (89%) 


Thyroid follicular 
hypertrophye 


0/79 (0%) 27/73 (37%) 0/99 (0%) 76/81 (94%) 


Serum iodide; mg/L 0.18 
(0.12-0.26) 


37.1±12.0b 


(21.6-55.9) 
<0.1 - 0.165 70.6±27.8b 


(33.5-128.0) 
Fetal Late Resorption immediately after the 2 or 4 days of exposure 
% Fetus/Litter 1.8±3.9 5.7±9.2 1.7±3.7 5.2±7.6 
% Litter Affected 2/10 (20%) 3/9 (33.3%) 2/10 (20%) 4/10 (25%) 
a/ * for statistical significance at p<0.05.  T4 is reported as bound T4.   Animals were killed immediately after the 5 


last MeI dosing.  6 
b/  not including the duplicates for one sample 7 
c/  TSH, T3, and T4 measurements were from pooled samples of multiple surviving fetuses per litter 8 
d/  mild to severe grade in males, minimal to moderate grade in females 9 
e/  minimal to moderate in males, minimal to mild grade in females 10 
 11 
 12 
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Table 57.  Rabbit maternal and fetal thyroid status and survival reported by Sloter 1 
(2005b).a 2 


 GD23-24 GD23-26 
 0 ppm 20 ppm MeI iv NaI  0 ppm 20 ppm MeI iv NaI 


Maternal 
TSH; ng/mL 0.46±0.11 0.62±0.04* 0.62±0.08* 0.58±0.24 0.58±0.15 0.60±0.07 
T3; μg/dL 0.173 


±0.016 
0.158 
±0.020 


0.133 
±0.022* 


0.122 
±0.024 


0.114 
±0.025 


0.123 
±0.016 


T4; μg/dL 1.43±0.42 1.44±0.46 1.15±0.71 0.60±0.38 0.84±0.89 0.61±0.66 
Thyroid hyper-
trophy 


- - - 0/5 (0%) 2/5 (40%)b 0/5 (0%) 


Thyroid colloid 
depletion 


- - - 0/5 (0%) 3/5 (60%)b 1/5 (20%)b 


Serum iodidec; 
mg/L; (range) 


- 14.3±2.4 
(12.9-18.7) 


6.29±0.53 
(5.75-6.75) 


0.0052-
0.049 


16.6±6.8 
(11.1-29.6) 


9.63±11.0 
(3.33-29.2) 


Fetald 


TSH; ng/mL 1.9±0.5 1.7±0.4 2.0±0.6 1.9±0.9 5.1±1.5* 5.2±2.9* 
T3; μg/dL 0.010 


±0.002 
0.014 
±0.005 


0.008 
±0.002 


0.015 
±0.003 


0.027 
±0.013 


0.016 
±0.002 


T4; μg/dL 0.05±0.04 0.08±0.05 0.03±0.03 0.06±0.04 0.03±0.05 0.01±0.01 
Thyroid hyper-
trophy 


0/20  
(0%) 


16/20 (80%)b 12/20 
(60%)b 


0/20 
(0%) 


16/20 
(80%)e 


18/20 
(90%)e 


Thyroid colloid 
depletion 


0/20 
(0%) 


1/20 
(5%)b 


0/20 
(0%) 


0/20 
(0%) 


13/20 
(65%)f 


17/20 
(85%)g 


Serum iodidec; 
mg/L 


- 33.2±11.9 
(14.8-46.4) 


23.0±6.32 
(15.4-30.3) 


0.114-
0.217 


72.6±23.2 
(53.9-110) 


35.9±17.2 
(14.4-55.3) 


Fetal Late Resorption assessed on GD29 
% Fetus/Litter - - - 4.7±6.48 50.4 


±28.09* 
6.8±10.9 


Litter Affected - - - 2/5 (40%) 4/4 (100%) 2/5 (40%) 
Fetal Viability on GD29 


% Fetus/Litter - - - 93.1±10.1 46.8±29.3* 87.5±7.05 
a/  * for statistical significance at p<0.05.  T4 is reported as bound T4.  Except for fetal late resorption, all maternal 3 


and fetal data were from animals killed immediately after the last MeI dosing; fetal data were from live fetuses 4 
that survived the treatment. 5 
- The inhalation dose at 20 ppm MeI (6 hr/day) is estimated as 15 mg MeI/kg/day (Nemec, 2002d), or 13.4 mg 6 


iodide/kg/day [=15 x (127/142)].   7 
- The dose for NaI consists of four 15 minutes infusions of NaI in 6 hrs, at a total of 81.2 μmole/doe/day.  This 8 


is 12.2 mg (=149.89 x 0.0812) sodium iodide/day, or 3.04 mg/kg/day at a body weight of 4 kg, or 2.57 mg 9 
iodide/kg/day [= 3.04 x (127/150)]. 10 


b/  All in grade “minimal” 11 
c/  Samples taken immediately after the end of the last MeI exposure. 12 
d/  TSH, T3, and T4 measurements were from pooled samples of multiple fetuses per litter 13 
e/  Approximately half of them as grade “minimal”, half of them grade “mild” 14 
f/  6/20 in grade “minimal”, 1/20 in grade “mild”, 6/20 in grade “moderate” 15 
g/  7/20 in grade “minimal”, 4/20 in grade “mild”, 6/20 in grade “moderate” 16 
 17 
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Serum TSH after MeI and NaI Exposure (Sloter, 2005b)
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 1 
Figure 2.  Rabbit maternal and fetal serum TSH after MeI and NaI exposure. Data from 2 


Sloter, 2005b.  Rabbits received 6-hr/day inhalation exposure to 20 ppm MeI at hrs 0-6 24-30, 48-54, 72-78; or 3 
81.2 μmoles of NaI/day through 4 i.v. injection (total 3.04 mg NaI/kg) within each daily 6 hours treatment 4 
period.  Data gaps are indicated by the disconnected lines. Hour 72=GD26. 5 


 6 


Serum Iodide after MeI and NaI Exposure (Sloter, 2005b)
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 7 
Figure 3.  Rabbit maternal and fetal serum iodide after MeI and NaI exposure.  Data from 8 


Sloter, 2005b.  Rabbits received 6-hr/day inhalation exposure to 20 ppm MeI at hrs 0-6 24-30, 48-54, 72-78; or 9 
81.2 μmoles of NaI/day through 4 i.v. injection (total 3.04 mg NaI/kg) within each daily 6 hours treatment 10 
period.  Data gaps are indicated by the disconnected lines. The iodide level in the controls cannot be effectively 11 
presented in the same graph because of their markedly lower levels (maternal at 5.18-48.6 µg/L, fetal at 114-12 
217 µg/L).  The same X-axis scale as in Figure 2 is used for ease of data comparison. The gaps are due to 13 
missing data points. Hour 72=GD26. 14 
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Comparison of maternal and fetal TSH data after MeI exposure shows greater 1 
consistency in maternal than in fetal TSH patterns after 2 days of MeI exposure, suggesting a 2 
role for maternal effects in the MOA.  The maternal TSH level is significantly increased, as early 3 
as after 2 days of exposure (GD23 to GD24) - the first time point of evaluation (Tables 56 and 4 
57).  Its persistence onto day 4 (from GD23 to GD26) of exposure was observed only with MeI 5 
at 25 ppm (Table 56).  On the other hand, the average TSH levels in the fetuses are somewhat 6 
lower than the controls during GD23-24, but greatly increased in the GD23-26 groups.  Figure 2 7 
showed that the increase for fetal TSH was most evident between GD 25 and 26 to a peak level 8 
of 5.1 ng/ml, which declined only slightly (4.4 ng/ml) by GD 29.  This high persistent fetal TSH 9 
from 4 days of MeI exposure and over the 3 days of recovery period (GD 26 to GD 29) raises a 10 
concern on potential for post-natal developmental toxicity in the surviving fetus.  A more 11 
detailed discussion related to this concern is presented in Section V.C. 12 
 13 
 There is a lack of causal relationship between fetal thyroid perturbation and fetal death, 14 
within the GD 23 to 24 period, after MeI exposure, to support this MOA.  Histopathology in the 15 
fetal thyroid included decreased colloid, follicular epithelial vacuolation and follicular 16 
hypertrophy (Tables 56 and 57).  In Sloter (2005a) at 25 ppm MeI, higher incidences were 17 
reported in the 4-day than the 2-day exposure groups, yet the “% fetus/litter” of late resorption 18 
immediately after the end of MeI exposure were the same at these corresponding time points 19 
(i.e., 5.7% after 2 days and 5.2% after 4 days of MeI exposure) (Table 56).  20 
 21 
 Furthermore, comparison of data from MeI and NaI treatment indicates that fetal thyroid 22 
perturbation through excess iodide is not the sole MOA for fetal death.  Effects of high fetal 23 
serum iodide on fetal thyroid may be second in sequence, after an initial MOA that causes fetal 24 
death from MeI.  In Sloter (2005b), the estimated iodide dose for MeI (13.4 mg/kg/day) is 6-fold 25 
higher than that for NaI (2.58 mg/kg/day) exposure, assuming 100% uptake and rapid and 26 
complete breakdown.  Yet, both treatments resulted in comparable effects on fetal thyroid 27 
histopathology (Table 57, more detailed in Table 48) and TSH profile during treatment from 28 
GD23 to GD26 (Figure 2, hours 23 to 72).  With the higher iodide exposure in the MeI group, 29 
significantly increased fetal late resorption and reduced fetal viability was seen only in the MeI 30 
group, but not with NaI (Table 57).  31 
 32 
 Within the conditions of the experimental protocol, the time course pattern of serum 33 
iodide from both treatments appears similar in the peaks and valleys corresponding to the 6 hours 34 
per day treatment schedule (Figure 3).  The fetal-to-maternal serum iodide ratio varies widely, 35 
ranging from 2 (3 hours after start of GD23 exposure to MeI) to 10.7 (immediately after the 6 36 
hours of NaI exposure on GD25) (iodide values are in Tables 39 and 40).  The average serum 37 
iodide levels from NaI exposure are 75% and 61% of those from MeI exposure in the maternal 38 
and fetal blood, respectively.  Assuming a linear relationship in the serum iodide level between 39 
10 and 20 ppm MeI exposures, the fetal serum iodide equivalent level at the LOEL of 10 ppm 40 
MeI for fetal death would be about 50% of the 20 ppm, a level similar to that for NaI group.   41 
 42 
 Further analysis of the iodide data shows that maternal serum iodide may be an 43 
appropriate dose metric, if maternal thyroid effect is one of the key events for fetal death.  A 44 
single day tissue distribution profile of iodide in rabbits from NaI treatment, including those in 45 
maternal and fetal blood, is available from a study by Morris et al. (2004; data in Table 50).  The 46 
F/M ratios in blood and thyroid are presented in Table 58.  Although the iodide in fetal plasma 47 
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was not reported in the study for comparison, maternal data showed close resemblance between 1 
blood and plasma, indicating that the parameter values for the two expressions may be 2 
interchangeable.  The F/M ratios for iodide in the blood are higher than those for the thyroid, and 3 
are generally higher at the low NaI level.  This information will be used in the PBPK modeling 4 
analysis in Appendix A.  5 
 6 
 7 


Table 58.  Ratio of rabbit Fetal-to-Maternal (F/M) iodide in thyroid and blood.a 8 
Thyroid F/M Blood F/M Hour 


Low NaI High NaI Low NaI High NaI 
0.5 1.38 0.83 2.22 0.65 
1.0 1.60 0.69 2.69 0.91 
2.0 0.95 1.15 4.11 1.55 
4.0 0.86 0.89 2.64 2.33 
6.0 0.78 0.94 5.71 2.59 
12.0 0.51 0.62 4.17 2.83 
24.0 0.18 0.29 5.80 2.71 


a/  Data from Morris et al., 2004.  Pregnant rabbits received a single i.v. injection of Na131I at “Low NaI”  9 
level of 0.75 mg/kg or “High NaI” level of 10 mg/kg on GD25. 10 


 11 
 12 
 13 
 At both NaI treatment levels, the highest maternal iodide concentration is in the thyroid 14 
(Figures 4a and 4b). The pattern of iodide distribution to the thyroid is different between the does 15 
and the fetuses.  The maternal and fetal thyroid iodide both reached approximately the same level 16 
within 2 hours, and remain more or less steady until 6 hours.  Thereafter, the maternal thyroid 17 
continues to accumulate iodide but not the fetal thyroid.  At the end of 24 hours, the 18 
concentration in the maternal thyroid was higher than the blood by 20-fold with 0.75 mg NaI/kg 19 
treatment and 270-fold with 10 mg NaI/kg treatment.  The high maternal thyroid iodide pattern 20 
on GD25 appears to correspond to the TSH profile shown in Table 57 for NaI and MeI exposures 21 
by Sloter (2005b), i.e., increased maternal TSH at the earliest measurement, i.e., immediately 22 
after the second of a 2-day NaI exposure on GD23-24.  However, fetal TSH did not change 23 
during this time.  Contrary to the pattern of maternal iodide distribution, the highest fetal iodide 24 
concentration is in the stomach contents and the lowest in the blood, with the levels at other 25 
measured sites (trachea, thyroid+trachea, amniotic fluid) all higher than in the blood.  The higher 26 
iodide in tissues raises a concern for potential damage from excess iodide in tissues besides 27 
thyroid and may contribute toward MeI fetal death immediately after the second 6-hr MeI 28 
exposure.   29 
 30 


 31 
 32 
 33 
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Figure 4a 1 


Tissue Iodide - 0.75 mg/kg NaI Injection (Morris, 2004)
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 2 
Figure 4b 3 


Tissue Iodide - 10 mg/kg NaI Injection (Morris, 2004)
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 4 
Figure 4.  Rabbit fetal tissue iodide distribution after a bolus injection of NaI at 0.75 mg/kg 5 


(Fig. 4a) or 10 mg/kg (Fig. 4b).  Data from Morris et al., 2004.  Maternal concentration in blood and 6 
thyroid are included as reference levels.  Data at time zero are not presented because of its relatively low iodide 7 
level. 8 


 9 
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IV.A.1.a.(2)(b) GSH Depletion 1 
 2 
 Oxidative stress as a MOA, with GSH depletion as a marker, is biologically plausible for 3 
fetal death.  Conjugation of GSH is one of the detoxification pathways for reactive oxygen 4 
species.  Oxidative stress during the pre-natal period is recognized as one of the MOA for human 5 
diseases of developmental origin (Hussain and Ali, 1998; Dani et al., 2004; Rossi et al., 2006; 6 
Luo et al., 2006; Wells et al., 2009).  Maternal oxidative stress can result in fetal pre-7 
programming for diseases and/or heightened susceptibility.   8 
 9 
 Data on GSH depletion in rabbit maternal and fetal blood and tissues from the two 10 
studies by Sloter (2005 a and b) are summarized in Table 59.  The GSH profile at the site of 11 
contact (i.e., maternal olfactory and nasal epithelium) is not included in the table because the 12 
issue at hand is systemic toxicity.  The time course from the second study (Sloter, 2005b) is 13 
available only from 3 hours after the start of MeI exposure on GD23 to the end of the 6 hours of 14 
exposure on GD24 (Figure 5).  Among the few tissue sites investigated, fetal blood showed the 15 
most significant and persistent change (Table 59).  There is no difference in GSH reduction 16 
between 20 and 25 ppm MeI exposure.  A 38% reduction (or, 62% of the controls) occurred after 17 
one 6-hour exposure to 20 ppm MeI (GD23; Sloter, 2005b).  After the second day of exposure 18 
(on GD24), fetal blood GSH was reduced by 45% (or, 55% of the controls) (Sloter, 2005b).  A 19 
similar pattern was also noted at 25 ppm, with a further decline from 28% reduction after 2 20 
exposures to 43% reduction after 4 exposures (Sloter, 2005a).  On the other hand, maternal GSH 21 
decline from 1 to 2 exposures lacks consistency.  The pattern is detected only in the second study 22 
(Sloter, 2005b) while the first study (Sloter, 2005a) shows an apparent recovery from 2 to 4 23 
exposures.  These data show that fetal blood GSH reduction is greater than the maternal.  In 24 
addition, the fetal GSH baseline is approximately 25% lower than the maternal; i.e., average 25 
0.419 mM in fetuses versus 0.548 mM in the does.  Thus, the fetal blood GSH concentration 26 
after MeI exposure can be as low as only 47% of the maternal at a given measurement time point 27 
(0.216/0.460).  This may suggest that fetuses can be at a greater risk for oxidative stress.   28 
 29 
 The corresponding timing between GSH changes and MeI toxicity can be more closely 30 
traced through in vitro studies.  Glutathione depletion by MeI causes cytotoxicity in cultured 31 
neural cells (Davenport et al., 1992; Bonnefoi, 1992).  Chamberlain et al. (1999) demonstrated a 32 
steep dose-response relationship in the death of cultured rat cerebellar granule cells, with a 6 33 
hours delayed onset after 5 minutes of exposure to MeI above 0.5 mM MeI17.  The EC50 was 34 
reported at 1.6 mM, and a 100% cell death occurred at 3 mM MeI 24 hours after the 5 minute 35 
exposure.  The role of GSH depletion in cytotoxicity was demonstrated in the enhancement of 36 
cell death with GSH synthesis inhibitor BSO and the protection against cell death with 37 
antioxidants (e.g., GSH enhancer IP-GSH, and Vitamin E, BHT, and DF).  The GSH depletion 38 
reached a peak level within 15 minutes after the 5 minutes of exposure (e.g., lowered by 39 
approximately 40% immediately after exposure to 1.6 mM MeI).  Interestingly, by hour 7, 40 
shortly after the 6 hour lag time for cell death, the GSH level returned to the pre-exposure level.  41 
In fact, the peak of cell death was not achieved until hour 24, long after the recovery of GSH 42 
level.   43 


                                                 
17 0.5 mM MeI (71 mg/L MeI) is comparable to the molecular concentration of fetal serum iodide (~70 mg/L) after 
GD23-26 maternal inhalation exposure to 20-25 ppm MeI (Table 2, 3).  
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Table 59.  Rabbit tissue and serum level GSH after MeI exposures.a 1 
Liver GSH (mM) Kidney GSH (mM) Blood GSH (mM) MeI;  


 Control MeI % MeI %a Control MeI %  Study 


Maternal 
GD23-24;  
   25 ppm 


5.91 
±2.3 


8.06 
±0.78 


136% 1.59 
±0.09 


100% 0.599 
±0.12 


0.469 
±0.06* 


78% Sloter, 
2005a 


GD23-26; 
   25 ppm 


7.34 
±0.70 


6.77 
±1.6 


92% 1.86 
±0.36 


103% 0.387 
±0.15 


0.460 
±0.15 


119% Sloter, 
2005a 


GD23;  
   20 ppm 


8.00 
±0.89 


6.54** 
±0.29 


82% - - 0.565 
±0.097 


0.451 
±0.100 


80% Sloter, 
2005b 


GD23-24;  
   20 ppm  


7.23 
±0.66 


7.31 
±0.87 


101% - - 0.642 
±0.045 


0.413** 
±0.051 


64% Sloter, 
2005b 


Fetal 
GD23-24;  
   25 ppm 


2.16 
±0.53 


2.37 
±0.13 


110% - - 0.473 
±0.08 


0.338 
±0.12* 


72% Sloter, 
2005a 


GD23-26; 
   25 ppm 


2.22 
±0.29 


2.23 
±0.18 


100% - - 0.382 
±0.09 


0.216 
±0.09* 


57% Sloter, 
2005a 


GD23;  
   20 ppm 


2.01 
±0.14 


2.05 
±0.16 


102% - - 0.410 
±0.104 


0.253* 
±0.098 


62% Sloter, 
2005b 


GD23-24; 
   20 ppm  


2.27 
±0.18 


2.01 
±0.46 


89% - - 0.411 
±0.115 


0.227* 
±0.056 


55% Sloter, 
2005b 


a/  %:  Percentage of control (Cont) values.  *, ** for statistical significance at p <0.05; and p < 0.01, respectively.  2 
 Data represents the GSH status from Sloter studies (as indicated) immediately after the last 6-hr exposure (i.e., 3 


on GD23 for one 6-hr exposure, GD24 for 2 exposures, or GD26 for 4 exposures). 4 
 5 
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 6 
Figure 5.  Rabbit blood GSH level after MeI exposure. Data from Sloter, 2005b.  MeI treatment was 7 


at 20 ppm, 6 hrs/day, beginning on GD23 and ending immediately after the second treatment on GD24 (hour 8 
30).   9 
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  The aforementioned GSH database may suggest two possible implications with regard to 1 
MeI fetal toxicity in rabbits.  First, compared to the adult brain, death of neural cells in the fetal 2 
brain can be more detrimental and possibly contribute to fetal death.  Its delayed onset after a 5 3 
minute exposure in the study with rat cerebellar cells (Chamberlain et al., 1999) may suggest that 4 
fetal death can occur with a single day exposure, even though the shortest experimental period 5 
for the reported rabbit fetal death was after two 6-hour exposures in 30 hours (Nemec, 2002d).  6 
Second, the delayed cytotoxicity with respect to the timing for peak and recovery of GSH 7 
suggests the potential difficulties in attempting to correlate down stream endpoints such as fetal 8 
death with initial markers of oxidative stress such as GSH depletion.   9 
 10 
 With the limited information available, the possibility remains that oxidative stress could 11 
contribute to the death of rabbit fetuses caused by MeI, apart from, or in concert with, toxicity 12 
from maternal and/or fetal excess iodide.  In the MeI database, maternal and fetal GSH data are 13 
not available in rats after MeI exposure for any interspecies sensitivity comparison on fetal 14 
toxicity that might provide further insight into the specific role of GSH depletion in rabbit fetal 15 
death.  Data are also not available to rule out the possible post-natal toxicity of MeI exposure due 16 
to GSH depletion in critical tissues.  17 
 18 
IV.A.1.a.(2)(c) Direct Alkylation 19 


 20 
Direct alkylation, with adduct as a biomarker of exposure to reactive chemicals or their 21 


reactive metabolites, is a possible MOA.  Elevated levels of hemoglobin S-methylcysteine 22 
adduct, formed by direct alkylation of MeI, have been reported in maternal and fetal blood after 23 
MeI exposure in rabbits (Sloter, 2005 a and b) and adult rats (Xu et al., 1990; Table 9, 24 
Himmelstein, 2004).   25 
 26 
 Data for adduct formation in rabbit maternal and fetal blood reported by the two Sloter 27 
studies are summarized in Table 60.  Substantial variability exists, especially in some datasets.  28 
The increased adducts in the maternal blood ranged from 134-214% of the controls as a result of 29 
2 to 4 days of MeI exposure.  The corresponding adduct in fetal blood is more consistent, i.e., 30 
143-164% of the controls.  Although the increased adducts in maternal and fetal blood are 31 
similar when compared to their corresponding controls, the increase in the fetal blood is over an 32 
already higher (16-24%) background rate such that the concentration of adducts in fetal blood 33 
can be as high as 50% (131.1/93.4) above the maternal level.  Sloter (2005a and b) stated that the 34 
increase in fetal hemoglobin adducts from MeI exposure indicated that some un-reacted parent 35 
chemical MeI is distributed to the fetus.  Given that no further data are available to separate the 36 
possible roles of the parent chemical MeI from iodide in causing rabbit fetal death, both maternal 37 
MeI and iodide are valid dose metrics for MeI exposure. 38 
 39 
 40 
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Table 60.  Rabbit maternal and fetal hemoglobin N-methylcysteine adduct after MeI inhalation 1 
exposure.  2 


 3 
Hemoglobin N-methylcysteine adduct (nmol/g globin) 


Maternal Fetal 
MeI Treatment 


 
Control MeIa Control MeIa 


Study 


GD23-24;  
MeI 25 ppm  


70.2±33.1b 101.5±22.1
(145%) 


81.2±20.4 116.3±34.3 
(143%) 


Sloter, 
2005a 


GD23-26;  
MeI 25 ppm 


48.4±6.3 103.4±27.8
(214%) 


60.1±9.2 98.7±17.5 
(164%) 


Sloter, 
2005a 


GD23-26;  
MeI 20 ppm 


69.7±9.3 93.4±5.0 
(134%) 


86.9±20.1 131.1±11.0 
(151%) 


Sloter, 
2005b 


a/  The percentages of the controls are in parenthesis. 4 
b/  The author reported that two rabbits had 2- to -3 fold higher baseline levels than others. 5 
 6 
 7 
 8 
IV.A.1.a.(2)(d) Altered Cholesterol Homeostasis  9 
 10 
 Altered cholesterol homeostasis may be a key event in the MOA for rabbit fetal death.  11 
Baseline rabbit fetal lipid levels were higher than maternal levels, and were significantly elevated 12 
after maternal exposure to 25 ppm MeI on GD23-24 and GD23-26 (Table 61, Sloter, 2005a).  13 
The maternal rabbit cholesterol and triglycerides, not HDL or LDL+VLDL, appeared to decline 14 
from GD 21 to GD 27 (Table 36) (Sloter, 2005a).  However, they were not affected by MeI 15 
treatment (Table 61).  There are no data for cholesterol levels in fetal or pregnant rats.  Changes 16 
in cholesterol status after MeI exposure have been reported in adult rats (Table 9, Himmelstein, 17 
2004; Tables 11 and 12, Kirkpatrick, 2002b) and male dogs (Table 28, Harriman, 2004).    18 
 19 
 Published literature suggested a potential relationship between cholesterol levels and fetal 20 
effects. Zilversmit et al. (1972a) reported that maternal serum cholesterol level (triglyceride, 21 
VLDL, LDL, or HDL) in pregnant rabbits declined markedly starting approximately GD14, 22 
reaching its lowest between GD21 and GD23, and remained low till 1 to 2 days after parturition.  23 
Pregnant rabbits that received Triton WR 1339 (a plasma triglyceride clearance blocker) 24 
injection 14 days prior to insemination and on GD20 had increased plasma cholesterol as well as 25 
fetal resorption and abortion on GD25.  In another study by Zilversmit et al. (1972b), 86% of 26 
newborn rabbits were found dead from the does fed 0.25% cholesterol (given 100 g diet/day 27 
before GD15 and 200 g diet/day thereafter) and 2.6% fat diet.  Fetal death was attributed to the 28 
added cholesterol in the diet because a follow up study showed no effects with 2.6% fat diet 29 
alone.  Fetal resorption between GD25-30 was 9/58 in the cholesterol treated group (versus 4/99 30 
in the controls).  Fetal body weight was significantly lower from does exposed to the high 31 
cholesterol diet (Zilversmit et al., 1972b).  Lower fetal body weight (84.5% of controls) and 32 
higher cholesterol levels (40-61% higher triglyerides, LDL, and total cholesterol) were reported 33 
at as low as 0.2% cholesterol in the diet, with corresponding changes in placental appearance 34 
(Montoudis et al., 1999).   35 
 36 
   37 
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Table 61.  Rabbit maternal and fetal serum cholesterol level from exposure to 25 ppm MeI 1 
during GD23 -26.a 2 


MeI on GD23-24 MeI on GD23-26  
mg/dL Control MeI Increase Control MeI Increase
Maternal 
Cholesterol 10±2.3 13±11.4 30% 8±1.5 8±2.1 0% 
Triglyceride 53±31.3 63±26.3 19% 43±13.2 63±31.4 47% 
HDL 9.5±1.98 12.8±8.31 35% 10.3±1.23 9.4±2.05 -8% 
LDL+VLDL 1±0.7 2±2.2 120% 2±0.8 2±0.8 0% 
Fetal 
Cholesterol 176±29.7 205±22.0 ‡ 16% 150±11.4 209±45.3 †† 39% 
Triglyceride 154±34.1 215±16.3‡‡ 40% 137±12.1 202±56.9†† 47% 
HDL 28.1±3.36 33.3±3.81 ‡‡ 19% 27.9±2.09 34.5±2.93†† 24% 
LDL+VLDL 121±23.8 144±19.7‡ 19% 111±10.6 157±43.5 †† 41% 
a/  Data from Sloter, 2005a. † Significant, p < 0.05; †† Significant, p < 0.01, in comparison with Group 6 (of the 3 


same gestational age as this treated group). ‡ Significant, p < 0.05; ‡‡Significant, p < 0.01, in comparison with 4 
Group 4 (of the same gestational age as this treated group).  5 


 6 
 7 
 8 
 9 
IV.A.1.a.(3) Human Equivalent Concentration  10 
 11 
 In summary, the appropriate critical NOEL is 2 ppm for fetal death in rabbits (Nemec, 12 
2002d).  Examination of the fetal death and GSH depletion data support the conventional default 13 
of a single day exposure for developmental toxicity (USEPA, 1991; as discussed in Appendix 14 
A).  No single predominant MOA or its associated key events(s) leading to fetal death can be 15 
determined.  The delineation of a MOA for fetal death is compromised by the fact that all fetal 16 
data are from those that survived the MeI treatment, assuming that they are representative of 17 
those that died.  18 
 19 
 Based on these findings, PBPK modeling for this endpoint was conducted with maternal  20 
or fetal levels of MeI or iodide at their peak (or steady state) concentration or AUC (Appendix 21 
A).  The lowest HEC was based on the maternal plasma iodide level calculated from AUC for a 22 
single day of exposure as the dose metric.  For the two human exposure durations, they are 0.22 23 
ppm and 0.24 ppm for 8-hour/day and 24-hour/day exposures, respectively.  Since the 8-24 
hour/day value is similar to the 24-hour/day value, it will address any potential exposure to MeI 25 
in the ambient air during the 16-hour non-working hours.  26 
 27 
IV.A.1.b.  Nasal Effects 28 
 29 
IV.A.1.b.(1) Critical NOEL  30 
 31 
 For olfactory epithelial degeneration, the acute critical NOEL was 21 ppm (6 hrs/day, 5 32 
days/week) from a 13-week study in rats by Kirkpatrick (2002b); the same NOEL selected by the 33 
USEPA.  At the LOEL of 70 ppm, degeneration occurred mainly in the dorsal meatus, dorsal 34 
septum, and upper turbinate with some indication of olfactory regeneration and respiratory 35 
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epithelial metaplasia (Tables 11 and 12).  Although observations were not conducted before 4 1 
weeks of exposure, DPR considers this NOEL pertinent for assessing the acute exposure to MeI 2 
since prolonged repeated exposure from 4 to 13 weeks only slightly increased the severity of 3 
nasal effects but did not change the NOEL.  This endpoint is consistently reported throughout the 4 
MeI inhalation toxicity database, including from acute exposures.  Early degenerative changes 5 
were noted in rats exposed to 100 ppm MeI by nose-only inhalation for 1 hour (Reed et al., 1995 6 
and Chamberlain et al., 1998a).  Three-dimensional mapping of the rat nose showed MeI 7 
affecting the dorsal-medial aspects of the ethmoturbinates (Robinson et al., 2003).  The rapid 8 
return of GSH level to control level after the end of exposure that often surpasses the initial GSH 9 
level (as indicated by values greater than 100% for end of first 24 hours, at first hour after the 2nd 10 
MeI dose in rats (Himmelstein, 2004; Table 8) further support the use of the endpoint for acute 11 
exposure.  12 
 13 
IV.A.1.b.(2) Mode of Action 14 
 15 


The mode of action is unclear for nasal effects at the site of MeI contact.  Although MeI 16 
is shown to directly alkylate macromolecules (e.g., hemoglobin adduct formation), the role of 17 
alkylation has not been defined for the nasal effect.  Other reactive metabolites may also be 18 
formed through biotransformation, e.g., cytochrome P450 oxidation that forms formaldehyde.  19 
However, Chamberlain et al. (1998 a and b) found no evidence for the immediate involvement of 20 
formaldehyde from oxidative conversion of MeI.  No formaldehyde was detected in the in vitro 21 
study after incubation of microsomal fractions with MeI in the presence of a NADPH generating 22 
system (Chamberlain et al., 1998b).  No alteration of olfactory effects was noted through pre-23 
treatment with cobalt protoporphyrin IX that depletes hepatic cytochrome P450.  However, the 24 
role of oxidative metabolism cannot be readily excluded based on this negative finding alone 25 
because the animals were severely compromised at the chosen lethal dose of 60 mg/kg (s.c.  26 
injection) cobalt protoporphyrin IX; i.e., reported as hunched with exaggerated piloerection, 27 
pinched sides, had slight hepatic midzonal necrosis.  Moreover, the 4-hr 100 ppm MeI exposure 28 
level may be too high to determine the involvement of oxidative transformation since the nasal 29 
histopathology for both the pre-treated and non-pre-treated groups was described by the same 30 
severity word “marked”.    31 
 32 


The available data indicate that localized GSH depletion from conjugation with MeI is 33 
likely an early event associated with nasal epithelial degeneration.  Reduction in non-protein 34 
sulfhydryl (NP-SH) was reported in both the olfactory and respiratory epithelia of adult male rats 35 
within 1 hour of exposure to 100 ppm MeI (Chamberlain et al., 1998a).  However, lesions 36 
occurred in the olfactory but not respiratory epithelium, and severity increased from 2 to 4 hours 37 
of exposure.  The specific sensitivity of olfactory epithelium to MeI is attributed to a higher 38 
conjugation rate of cytosolic glutathione S-transferase (GST) in the olfactory than the respiratory 39 
tissue (Chamberlain et al., 1998b).  The involvement of GSH depletion is further confirmed 40 
through modulating the olfactory degeneration by pre-treatment to either replenish GSH (with 41 
isopropyl ester of GSH) or deplete GSH (with phorone and buthionine sulphoximine).  An in 42 
vitro study by Chamberlain et al. (1998b) showed that the MeI-GSH conjugation was catalyzed 43 
by the theta class GST and resulted in the formation of S-methyl GSH.    44 
 45 


Events subsequent to GSH depletion that result in cell degeneration and cell death are 46 
unclear.  Given that pre-treatment to deplete GSH enhanced nasal effects, Chamberlain et al. 47 
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(1998a) suggested that GSH depletion through its conjugation with MeI is a part of a 1 
detoxification process, not the first step to toxicity.  The possible down stream events leading to 2 
cellular degeneration may involve subsequent formation of cytotoxic metabolites such as 3 
methanethiol, or oxidative stress caused by extensive GSH depletion (Chamberlain et al., 1998a 4 
and b).    5 
 6 
IV.A.1.b.(3) Human Equivalent Concentration 7 
 8 


Glutathione depletion is considered a plausible MOA for nasal effects by both DPR and 9 
USEPA.  Three MeI datasets were used to bridge the observation of histopathological tissue 10 
damage at 100 ppm and GSH depletion (Reed et al., 1995 and Chamberlain et al., 1998a; Table 11 
10; Himmelstein, 2004; Table 8).  At the NOEL of 21 ppm, the estimated GSH depletion is less 12 
than 35%, with 25% as a reasonable limit for no effect level (Appendix A).  With an average 13 
regional 25% GSH depletion as the dose metric, the HECs are 2.8 ppm for 8-hour/day, and 2.2 14 
ppm for 24-hour/day exposures for all ages.  Since the 8-hour/day value is similar to the 24-15 
hour/day value, it will address any potential exposure to MeI in the ambient air during the 16-16 
hour non-working hours.  17 
 18 
IV.A.1.c.  Neurotoxicity  19 
 20 
IV.A.1.c.(1) Critical NOEL 21 
 22 
 For neurotoxicity, the acute critical NOEL is 27 ppm (6 hrs) from the study by Schaefer 23 
(2002, and 2003) in rats, established by both DPR and USEPA.  Effects observed 3 hours after 24 
the 6-hour exposure at the LOEL of 93 ppm included: decreased mean total motor activity 25 
counts, decreased mean total ambulatory motor activity counts, convulsions, clonic, repetitive 26 
movement of mouth and jaws, and reduced body temperature (Tables 6 and 7).  Similar clinical 27 
signs were observed in another acute inhalation study with rats (Kirkpatrick, 2000 and 2002a), 28 
oral study with rats (Bonnette, 2001a), and gavage study with mice (Bonnette, 2001b).  With 29 
subchronic and chronic exposures at lower doses, clinical signs were observed only in dog 30 
studies.  Both 13-week and 1 year studies with dogs showed head shaking, excess drooling, and 31 
emesis or extrudate around the mouth (Harriman, 2003d and 2004).  However, no histopathology 32 
was found in the brains of rats, mice, and dogs from long-term studies (Kirkpatrick, 2005; 33 
Harriman, 2005a; and Harriman 2004).  In human overexposure to MeI, the main effect was 34 
neurotoxicity with delayed onset of psychiatric symptoms (Section III.I.).   35 
 36 
IV.A.1.c.(2) Mode of Action 37 
 38 
 The MOA for MeI neurotoxicity is not known.  One possibility is via GSH depletion in 39 
the brain.  In a rat study by Chamberlain et al. (1998a), a 20-30% decrease in brain NP-SH was 40 
reported at the end of a 6 hour exposure to 100 ppm MeI, with slightly greater decrease in the 41 
forebrain than in cerebellum.  The information from in vitro investigation showed that GSH 42 
depletion by MeI results in cytotoxicity in cultured neural cells.  Cell death became more evident 43 
long after the recovery of GSH level (Davenport et al., 1992; Bonnefoi, 1992; Chamberlain et 44 
al., 1999).  A MOA via direct effect of MeI or excess iodide is also possible.   45 
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IV.A.1.c.(3) Human Equivalent Concentration 1 
 2 
 With a lack of plausible MOA, the dose metric for PBPK modeling was based on brain 3 
MeI AUC concentration because of uncertainty in time-dose considerations (Appendix A).  For 4 
the NOEL of 27 ppm from the acute neurotoxicity study in rats (Schaefer, 2002), the HECs are 5 
9.7 ppm and 3.4 ppm for 8- and 24-hour/day exposure, respectively.  Since the 8-hour HEC does 6 
not take into account the additional 16-hour exposure after work, it is considered not sufficiently 7 
protective. Therefore, the 3.4 ppm from the 24-hour/day exposure value is to be used for both 8 
durations.  9 
 10 
IV.A.2.  Subchronic Inhalation Toxicity 11 
 12 
 For subchronic inhalation exposure, endpoints as a result of less than annual exposure 13 
from subchronic, developmental, and reproductive toxicity studies are reviewed.  They include 14 
reproductive and systemic effects in rats (Table 62).   15 
 16 
IV.A.2.a.  Reproductive Effects 17 
 18 
IV.A.2.a.(1) Critical NOEL 19 
 20 
 For reproductive effects, the critical NOEL is 5 ppm for lowered mean pup body weights, 21 
and delayed development (increased number of days to vaginal patency) in rats (Table 33; 22 
Nemec, 2002a).  In this study, the parental rats were exposed to MeI by inhalation for at least 10 23 
weeks prior to mating, and during mating through GD 20.  The pups were exposed in utero 24 
during gestation only.  The reduction in body weight and delayed development suggested 25 
thyroid/pituitary perturbation.  While no macroscopic lesions were reported in the thyroid, 26 
neither thyroid function nor the organ weight was evaluated in this study.  It is unclear whether 27 
GSH depletion might also be involved for these effects.  Gandy et al. (1990) had shown that MeI 28 
given by gavage caused significant rapid reduction of GSH in the epididymides and testes of rats.   29 
 30 
IV.A.2.a.(2) Human Equivalent Concentration 31 
 32 
 Based on the NOEL of 5 ppm for reproductive effects in rats as the critical NOEL for 33 
subchronic toxicity, the HECs are 4.1 ppm and 1.4 ppm for 8-hour/day and 24-hour/day 34 
exposures, respectively, calculated by the DPR methodology (Appendix B).  These HECs are 35 
applicable only for adults since the toxicity was a result of adult animal exposures to MeI. 36 
 37 
IV.A.2.b.  Systemic Effects 38 
 39 
IV.A.2.b.(1) Critical NOEL 40 
 41 
 For systemic effects, which would be applicable for all age groups in the population, the 42 
lowest dosage is 20 mg/kg/day based on a NOEL of 21 ppm for increased relative liver weight 43 
and decreased body weight gain in rats (Tables 11 and 12; Kirkpatrick, 2002b).  Organ weight 44 
and body weight changes are common findings with MeI exposure.   45 
 46 
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IV.A.2.b.(2) Human Equivalent Concentration 1 
 2 
 The HECs are 17.1 ppm (workers), 4.1 ppm (adults, 24-hours), 2.4 ppm (children), and 3 
1.9 ppm (infants) (Appendix B).  Since the HECs of 17.1 ppm and 4.1 ppm for the adult groups 4 
are higher than those for reproductive toxicity, they will not be used in the calculation of risk.   5 
 6 
  7 
Table 62.  The subchronic toxicity of MeI.a 8 


ppm (air) mg/kg/ 
day 


Species, Route 
Duration 


NOEL LOEL NOEL 


Effects References 


Inhalation Studies 
Rat  
4 and 13-week 


   21  70   20 ↑ Relative liver weight, ↓ body weight 
gain 


*Kirkpatrick, 
2002bb 


Rat 
28 days prior to 
mating to GD 11 


   25  73  34 ↓ Mean implantation sites and fetal 
viability, ↑ pre-implantation loss and 
prenatal mortality (early resorptions) 


Nemec, 2004c 


Rat 
GD 0 to 20, and  
LD 5 to 20  


   25  72  34 Mortality; ↓ body weight, body weight 
gain, and food consumption (dams); ↓ 
mean live litter size, postnatal survival, 
pup weight gain; and ↑ pup death 


Nemec, 2004c 


Rat 
4 weeks 


   25  72  24 ↓ Body weight gains and food 
consumption, hematology and clinical 
chemistry changes 


Nemec, 2004c 


 20  50  27 ↓ Body weight, nasal degeneration 
   20  50  27 Reproductive-↓ live litter size  


Rat 
2-generation  


    5  20  7 Developmental-↓ pup weight, delayed 
development 


*Nemec, 
2002ac 


Rat 
GD 6-29 


  20  60  27 ↓ Maternal body weight *Nemec, 
2002cd 


Rabbit 


GD 6-29 
   10  20  8 ↓ Maternal body weight *Nemec, 


2002dd 
Oral Studies 
Rat, gavage 
13 weeks 


 NA NA  5 Forestomach hyperkeratosis and 
hyperplasia, submandibular gland ductal 
squamous metaplasia  


*Nishimura, 
2002b 


Mouse, micro-
capsules, 3 weeks 


NA NA  11.3 ↓ Body weight gain on week 1 (males 
only) 


Harriman, 
2003bb 


Mouse, micro-
capsules, 13 weeks 


NA NA <23.6  
 


↑ weight and colloid of thyroid,  
hyperkeratosis in the esophagus 


*Harriman, 
2003cb 


Dog, capsules, 13 
weeks 


NA NA <1.5 
 


Injected sclera and wet material around the 
mouth 


*Harriman, 
2003db 


a/ * indicates the studies were acceptable to DPR according to FIFRA guidelines.  NA=not applicable. 9 
b/ Studies described in III.C.  Subchronic Toxicity. 10 
c/ Studies described in III.F.  Reproductive Toxicity. 11 
d/ Studies described in III.G.  Developmental Toxicity. 12 
 13 
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IV.A.3.  Chronic Inhalation Toxicity 1 
 2 
IV.A.3.a.  Critical NOEL 3 
 4 
 With chronic inhalation exposure, the most sensitive endpoint is mandibular salivary 5 
gland metaplasia with a NOEL of 5 ppm in rats after inhalation exposure to MeI for 2 years 6 
(Table 22; Kirkpatrick, 2005).  Additional effects on the salivary gland included salivation and 7 
excess drooling after inhalation (Schaefer, 2002) or oral exposures (Nishimura, 2002) in rats, and 8 
oral exposure in dogs (Harriman, 2003d and 2004).  These may be due to the effect of iodide, 9 
which is known to concentrate in the salivary gland.  In a human study with MeI, the iodide level 10 
in the saliva was higher than the blood (Morgan et al., 1967).  Rats exposed to potassium iodide 11 
(KI) in the drinking water for 2 years showed squamous cell carcinoma in the salivary gland 12 
(Takegawa et al., 2000).   13 
 14 
 Thyroid toxicity is a common finding for laboratory animals (rats, mice, and dogs) 15 
exposed repeatedly to MeI by either inhalation or oral exposures, with similar or higher NOELs 16 
than that for salivary gland effects (Table 63).  Non-cancer effects included altered thyroid 17 
hormone levels (increased TSH), increased thyroid organ weight and enlarged gland, increased 18 
colloid, vacuolation, and follicular hyperplasia (Table 19, Harriman, 2003c; Tables 21 and 22, 19 
Kirkpatrick, 2005; Tables 25 and 26, Harriman, 2005a; Tables 28 and 29, Harriman, 2004).   20 
 21 
IV.A.3.b.  Human Equivalent Concentration 22 
 23 
 Based on the NOEL of 5 ppm for salivary gland metaplasia in rats as the critical NOEL 24 
for chronic toxicity, the HECs are 4.1 ppm (workers), 1.0 ppm (adults, 24-hours), 0.6 ppm 25 
(children), and 0.5 ppm (infants), calculated by the DPR methodology (Appendix B). 26 
 27 
Table 63.  The chronic toxicity of MeI.a 28 
 29 


ppm (air) mg/kg/ 
day 


Species 
Route 
Duration NOEL LOEL  


Effects References 


    5 20   5 Mandibular salivary gland 
metaplasia 


Rat  
inhalation  
whole body 
 2 years 


  20 
 


60 19 
 


Nasal epithelial degeneration and 
thyroid effects (increased organ 
weight, enlargement, hyperplasia, 
tumors) 


*Kirk-
patrick, 
2005 


Mouse 
microcapsules in 
the diet, 
18 months 


 <60 60 <8 
 


 ↓ Body weight; thyroid effects 
(↑thyroid/ parathyroid weights, 
↑increased colloid and cytoplasmic 
vacuolation, follicular cell 
hyperplasia), GI tract irritation.    


*Harriman, 
2005a 


NA NA <1.5 Salivation, injected sclera Dog  
capsule oral 
1 year 


   6 Thyroid effects (↑TSH, ↓ relative 
thyroid weight, colloid depletion, 
hypertrophy)  


*Harriman, 
2004 


    a/ * indicates the study was acceptable to DPR according to FIFRA guidelines.  NA=not applicable.  Studies 30 
described in III.D. Chronic Toxicity.     31 
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IV.A.4.  Lifetime Inhalation Toxicity 1 
 2 


There is a concern for the potential oncogenicity of MeI.  Thyroid tumor formation after 3 
MeI exposure is considered a threshold event, with the NOEL at 20 ppm (Kirkpatrick, 2005).   4 
 5 
IV.A.4.a.  Weight of Evidence 6 
   7 
 The weight of evidence shows that MeI is an oncogen based on the finding of thyroid 8 
tumors in rats (Table 22, Kirkpatrick, 2005) and male mice (Table 26, Harriman, 2005a), and 9 
follicular cell hyperplasia/hypertrophy in rats (Table 22, Kirkpatrick, 2005), mice (Tables 26 and 10 
27, Harriman, 2005a) and male dogs (Table 28, Harriman, 2004) after long-term repeated 11 
exposures.  In the rodent studies, the animals were considered adequately challenged because 12 
there were reductions in body weight and/or food consumption at the highest dose tested in rats 13 
(60 ppm), and in mice (600 ppm).   14 
 15 
 Methyl iodide can be considered a weak oncogen because of limited evidence of 16 
oncogenicity at other sites and for structural analogs, and mixed results with genotoxicity 17 
studies.  In the 18-month dietary exposure with mice exposed to MeI, DPR considered the 18 
finding of fibromas in the cervix/uterus of high dose female mice as a treatment-related effect 19 
(Table 27; Harriman, 2005a) and an indication of uncontrolled cell growth.  The low incidence 20 
and presence in only one species for the fibroma were considered indications that more studies 21 
were needed rather than a negative finding.  Since the assignment of animals to groups was 22 
random, and proper statistical procedures were used, it would be unlikely that the results were 23 
due to chance alone.  It is not known if similar pathology would also be found in the chronic rat 24 
or dog studies, since extensive histological examination was not performed.  In two earlier 25 
studies (already described in Section III.D.4.), lung tumors were detected in mice injected 26 
intraperitoneally with MeI (Poirier et al., 1975) while subcutaneous sarcomas were observed in 27 
rats given MeI by subcutaneous injection (Maronpot et al., 1986).  However, there were 28 
uncertainties in the results of these studies because the reports did not provide sufficient details 29 
on the methods or results, and the use of a mouse strain known to be sensitive to chemical 30 
inducers of lung tumors. 31 
 32 
 Methyl iodide shares structural similarity with halomethanes and iodinated compounds.  33 
A comparison of the toxicity showed some common effects as well as differences.  For the 34 
halomethanes, methyl chloride is an oncogen (Bolt and Gansewendt, 1993), while methyl 35 
bromide, a mutagen and an alkylating agent, has not been found to be an oncogen (DPR, 2002).   36 
 37 
 The thyroid and salivary gland effects with MeI are consistent with those for other 38 
iodinated compounds.  In a study with F344/CuCrj rats given KI in the drinking water, effects on 39 
the thyroid were described as dilatation with increased colloid and flattened epithelia at all dose 40 
levels but no tumors were detected (Takegawa et al., 2000).  In addition, focal acinar atrophy and 41 
ductular proliferation, squamous metaplasia, and squamous cell carcinoma in the salivary gland 42 
were found in both genders of the high dose group (1000 ppm, average daily potassium iodide 43 
intake were 53 mg/kg/day and 67 mg/kg/day for males and females, respectively).  The amount 44 
of iodide intake (40.5 mg I-/kg/day) for the males in this study was similar to that (53.6 mg I-45 
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/kg/day) in the rat inhalation chronic toxicity study (Kirkpatrick, 2005)18.  Iodinated glycerol is 1 
an expectorant and is metabolized to iodide.  It was oncogenic in F344/N rats and B6C3F1 mice 2 
exposed to this compound by gavage for two years (French, 1990).  In rats, there were increased 3 
incidences of mononuclear cell leukemia (males only), thyroid follicular cell carcinomas (low 4 
dose males only), salivary gland squamous metaplasia (both genders), and nasal cavity adenoma 5 
(males only).  The lack of a dose-response for thyroid tumors, a late-appearing tumor, in the high 6 
dose males might be due to the high early deaths in this group.  The lack of effect in the female 7 
rat group might be due to the lower doses tested.  In contrast, focal thyroid follicular cell 8 
hyperplasia, not thyroid tumors, was observed in both genders of mice.  The relationship 9 
between iodine intake and thyroid cancer in humans was studied by the ATSDR (ATSDR, 2004).  10 
The review of several epidemiology studies suggested that increased iodide intake may be a risk 11 
factor for thyroid cancer in certain populations, in particular, populations residing in iodine-12 
deficient areas.  On the other hand, for populations with sufficient iodine intake, there was no 13 
significant association between the intake and thyroid cancer.  However, for these thyroid 14 
cancers, the authors noted an apparent shift in the histopathology towards a higher prevalence of 15 
papillary cancers, relative to follicular cancers, after increased iodine intake.   16 
  17 
 There is some evidence that MeI is genotoxic, though it is not definitive (Section III.E.  18 
Genotoxicity).  The positive evidence for genotoxicity included increased gene mutation, 19 
chromosomal aberration, and DNA alkylation.  Part of the uncertainty in the strength of the 20 
evidence was that the negative results could be due to the volatility of MeI resulting in loss of 21 
MeI from a leaky test system, or inadequate direct contact between MeI and the cells in the in 22 
vitro assays.  On the other hand, some of the positive results were detected in the presence of 23 
cytotoxicity.  The biological significance of DNA adducts depends on the disposition of these 24 
adducts, if they are removed or accumulated under in vivo conditions (Pottenger et al., 2004). 25 
  26 
IV.A.4.b.  Mode of Action 27 
 28 
 MeI-induced thyroid tumor formation is likely caused by the perturbation of thyroid 29 
function.  Metabolism of MeI leads to excess iodide, which induces the formation of 30 
iodopeptide(s).  These peptides inhibit thyroid peroxidase mRNA and protein synthesis, leading 31 
to loss of thyroglobulin iodination (or inhibition of the formation of iodothyronines and organic 32 
iodine).  A reduction in serum thyroid hormones triggers a feedback mechanism to the pituitary 33 
gland to increase the production and release of TSH.  Continuous stimulation of TSH on the 34 
thyroid leads to follicular hyperplasia and tumors.  Mutational events have also been suggested 35 
as part of the mode of action (USEPA, 1998).   36 
  37 


The MeI toxicity database in rats provides support for certain aspects of this mode of 38 
action.  Increased serum iodide levels were measured after inhalation exposure of rats in the 2-39 
day study (Table 8; Himmelstein, 2004).  There were, however, no such data for repeated 40 
exposures.  Increased mean TSH levels, 8- to 12-fold, were measured in rats after 26 weeks (the 41 
earliest measurement period) of exposure (Table 21; Kirkpatrick, 2005).  However, individual 42 
data showed a large range of TSH values for each time point.  For the 104 week 60 ppm rats, for 43 
example, they were: 1.17 to 4.77 ng/mL (control), 0.92 to 7.95 ng/mL (treated rats without 44 


                                                 
18 Iodide in potassium iodide= 53 mg/kg/day x 126.90 g I- -mole/ 166.0 g KI-mole=40.5 mg I- /kg/day 
Iodide in iodomethane=60 mg/kg/day x 126.90 g I- -mole/ 141.95 MeI-mole=53.6 mg I- /kg/day 
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thyroid effects), 6.23 to 32.33 ng/mL (treated rats with non-cancer thyroid effects), and 2.27 to 1 
50.40 ng/mL (treated rats with thyroid cancers) (Table 23).  Three male animals had thyroid 2 
functions measured at both 26 and 52 weeks and their levels showed mixed results with time 3 
(Table 23).  Nevertheless, the higher TSH increase in the males after exposure to MeI could have 4 
resulted in a more sustained stimulation of the thyroid and thus higher incidence of thyroid 5 
hyperplasia and tumors than that for the females (Table 22; Kirkpatrick, 2005).  The lower 6 
incidences of tumors in the female rats, though, could not be attributed to the supposedly higher 7 
basal level of TSH in males compared to females as has been suggested by Chen (1984) and 8 
USEPA (1998) for antithyroid compounds.  The MeI database showed no evidence of a 9 
significant gender difference in the basal levels of TSH and hormone levels (Table 21 control 10 
groups; Kirkpatrick, 2005).  Pharmacokinetic studies with rats also showed no gender-specific 11 
differences in the disposition of MeI after either inhalation or oral routes of exposure (Sved, 12 
2002 and 2003).  The incidences of thyroid effects (epithelial hyperplasia and tumors) were 13 
similar in both genders of mice (Harriman, 2003 c and 2005a).    14 


 15 
With TSH stimulation on the thyroid, increased serum hormone levels are expected.  The 16 


data, however, showed no significant change in T3, and variable results for T4 (Table 21; 17 
Kirkpatrick, 2005).  This variability might be due to the comparison of mean values.  In addition, 18 
these levels might be a reflection of the net physiological response, as thyroid hormone levels 19 
and TSH are highly regulated by thyroid and extrathyroid processes (NRC, 2005).  These 20 
processes include: (1) increased excretion of excess iodide by down regulation of the sodium 21 
iodine symporter, 2) increased release of bound hormones from binding proteins, and 3) 22 
inactivation of T4 to rT3 by deiodinase.  Existing data with MeI suggest an association between 23 
elevated rT3 and lack of thyroid lesions.  In the 20 ppm and 60 ppm female rats, significantly 24 
higher rT3 levels than those for male rats were measured (Table 21; Kirkpatrick, 2005).  Methyl 25 
iodide has been shown to inhibit deiodinases D1 and D2 from rats (Himmelstein, 2004), but not 26 
D3 from rabbit placenta (Sloter, 2005b) or rat brain (Himmelstein, 2004; Farwell, 2004).     27 


 28 
  An important issue related to the finding of thyroid tumors in rats is the relevance of the 29 
finding to humans.  In the USEPA guidance on the assessment of thyroid tumors, the policy was 30 
to presume “that chemicals that produce rodent thyroid tumors may pose a carcinogenic hazard 31 
for the human thyroid” (USEPA, 1998).  The USEPA, however, classified MeI as "Not likely to 32 
be carcinogenic to humans at doses that do not alter rat thyroid hormone homeostasis" in their 33 
risk assessment (USEPA 2005d, 2006, and 2007).  Rats were considered to be more sensitive 34 
than humans to antithyroid agents because of their higher basal thyroid activity due to shorter 35 
half-lives and the absence of the high affinity thyroxine-binding globulin (TBG) to keep T4 36 
bound to the protein and serve as a pool for free T4.  Their basal TSH levels are elevated in an 37 
effort to maintain stable hormone levels.    38 
 39 
 A comparison of data presented in the USEPA document (1998) with available studies 40 
indicated that additional data are needed to support the species sensitivity difference (Table 64).  41 
The shorter half-life for rats is evident since rat serum hormone half-lives for T4 and T3 are less 42 
than 1 day, compared to one or more days in humans.  But, the role of TBG levels in the 43 
interspecies difference is less certain.  The assertion of TBG absence in rats (citing Dohler et al., 44 
1979) is not consistent with results from other studies.  TBG in rats was already reported in 1970 45 
(Davis et al., 1970).  Molecular studies of the rat, mouse, and human TBG cDNA showed 46 
significant homology (Imamura et al., 1991; Trent et al., 1987).  In rats, the TBG level is 47 
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negatively regulated by the T4 level, and is increased in response to decreased thyroid hormone 1 
levels during certain conditions such as early development, aging, fasting, and thyroidectomy 2 
(Savu et al., 1991; Imamura et al., 1991; Vranckx et al., 1990; Young et al., 1988).  In humans, 3 
almost all T4, and about 46% of T3 are bound to TBG (Ganong, 2003).  However, there are 4 
conditions which could alter TBG levels.  Genetic mutation has lead to partial or complete TBG 5 
deficiency (TBG-CD) (Reutrakul et al., 2001), as well TBG variants with reduced T4 binding 6 
affinity (Janssen et al., 2000).  In the TBG-CD cases, the total T4 and T3 levels were reported to 7 
be low, but free T4, free T3, and TSH were at normal levels (Miura et al., 2000; Reutrakul et al., 8 
2001).  TBG is reduced by anabolic steroids, and corticosteroids (Ganong, 2003; The Merck 9 
Manual of Diagnosis and Therapy, 2004).  It is, however, increased during pregnancy, 10 
medication, and infectious hepatitis (Ganong, 2003; The Merck Manual of Diagnosis and 11 
Therapy, 2004). 12 
 13 


Another parameter considered important in the species difference in thyroid response was 14 
thyroid hormone levels.  In the USEPA policy (USEPA, 1998), the T4 production rate in rats 15 
was supposed to be 10-fold higher than that for humans.  This was not supported by results, 16 
which showed a 10-fold range for humans, and about a 2-fold difference between the highest 17 
values for rats and humans (Brown et al., 2004; Inada et al., 1975; Kinlaw et al., 1985).  In 18 
addition, there are known age-related differences in hormone production.  In human, the T4 19 
production is highest during early infancy (7-9 μg/kg/day) and declines rapidly with age (3-5 20 
μg/kg/day for 1-3 years old, 2-3 μg/kg/day for 3-9 years old, and 1 μg/kg/day for adults) (Brown 21 
et al., 2004).  Since there were no production rate data available from the MeI toxicity studies, 22 
serum total T4 and T3 levels for humans (Greenspan and Dong, 1998), rats from published 23 
studies (Shirpour et al., 2003; Hood et al., 1999; Christian and Trenton, 2003), and rodents from 24 
MeI studies (Kirkpatrick, 2005; Harriman, 2005a) were compared.  Because of the wide range, 25 
there were no distinct differences in these levels between species.  The similarity in levels was 26 
also found for free T4 and T3 levels.   27 


 28 
 As for TSH level, rats are supposed to have more than 10-fold higher TSH than humans 29 


(USEPA, 1998).  This was based on a human basal TSH of 3-30 ng/mL and rat TSH level of 200 30 
ng/mL with higher levels in the male compared to the females.  Though not directly cited, this 31 
value was probably based on results from Dohler et al. (1979) where the mean basal TSH levels 32 
in the serum for Sprague-Dawley male rats was about 300 ng/mL.  However, the MeI database 33 
for control rats and published articles showed much lower values, ranging from 1.5-6.3 ng/mL 34 
(Hood et al., 1999; Christian and Trenton, 2003; Table 21; Kirkpatrick, 2005).   35 


 36 
In summary, there is sufficient evidence to consider MeI as a potential human oncogen.  37 


Factors contributing toward the rat being more sensitive than human for thyroid tumors, as 38 
indicated by USEPA, are not sufficiently supported by available studies.  Therefore, DPR 39 
assumes that formation of thyroid tumors in rats treated with MeI is a relevant concern for 40 
human exposure, and as a default assumption, humans are more sensitive than rats to the 41 
oncogenicity of MeI.  42 
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Table 64.  Comparison of rodent and human thyroid parameters. 1 
Rat Mouse Parameters Human 


USEPAa Other studies MeI 
databaseb 


USEPAa MeI 
databasec 


Serum half-life 
T4 (days) 
T3 (days) 


 
5 to 9a  
1 to 1.5a 


 
0.5 to 1  
0.25 


 
  


 
NA 
NA 


 
0.5 to 0.75  
0.45  


 
NA 


Binding protein:  
High-affinity 
TBG 
 
 
Low-affinity  


 
Presenta 


(2 
mg/dLe) 
 
Presenta 


 
Absent 
 
 
 
Present 


 
Present under 
some 
conditionsd 
 
NA 


 
NA 
 
 
 
NA 


 
Absent 
 
 
 
Present 


 
NA 
 
 
 
NA 


T4 Relative ratio 
PR µg/kg/day  


1xa 
1 to 9f,g 


10x   
14 to 21h 


NA 
 


NA NA 


T3  
PR µg/kg/day 


 


0.34f 
 
NA 


 
2.0 to 2.3h 


NA 
NA 


NA 
NA 


NA 
NA 


Serum Total 
T4 (µg/dL) 


 
5 to 11i 


 
NA 


Wistarj: 4.9±0.6 
SDk,l: 5 


M: 2.2 to 3.9 
F: 1.6 to 2.0 


NA M: 2.7 
F:  1.8 


Serum Total 
T3 (ng/dL) 


 
95 to 190i 


 
NA 


Wistarj: 110±14 
SDk,l: 73-90 


M: 43 to 58 
F:  68 to 82 


NA 
 


M: 71 
F:   62 


Serum Free 
T4 (ng/dL) 


 
0.7-1.9i 


 
NA 


Wistarj: 0.89±0.04 
SDk,l: 2 


NA 
NA 


NA 
NA 


NA 
NA 


Serum Free 
T3 (pg/dL) 


 
200-520i 


 
NA 


Wistarj: 353±22     
SDk,l:   180 


NA 
NA 


NA 
NA 


NA 
NA 


TSH 
Levels (ng/mL) 


 
3-30a 


 
200 


 
SDk,l: 1.5-6.3 


M: 2.3 to 2.5 
F:  1.8 to 2.6 


 
NA 


M: 450 
F: 280 


TSH 
Gender difference 


NA M>F Data for males 
only 


M=F M>F M ≥ F 


Carcinogenic 
tendency 


Higher in rats than 
humansa 


 


NA Tumors  
M>F 


?? Tumors 
M>F 


References: a. USEPA, 1998 and Janke et al., 2004 (Human TSH level was calculated assuming a basal TSH value 2 
of 5 µIU/mL and a potency of human TSH of 1.5 to 15 IU/mg given in USEPA, 1998.  The 200 ng/mL value 3 
for rats was stated as an assumed value in USEPA, 1998 (probably based on data from Dohler et al., 1979); b. 4 
Kirkpatrick, 2005 (Crl:CD(SD)IGS Br rats, ranges were either for different measuring time or for gender); c. 5 
Harriman, 2005a (Crl:CD-1(ICR) mice, ranges were for genders); d. Savu et al., 1991; Imamura et al., 1991; 6 
Vranckx et al., 1990; Young et al., 1988 (TBG are synthesized under some conditions); e. Ganong, 2003; f. 7 
Inada et al., 1975; g. Brown et al., 2004; h. Kinlaw et al., 1985; i. Greenspan and Dong, 1998; j. Shirpour et al., 8 
2003; k. Hood et al., 1999; l. Christian and Trenton, 2003. Abbreviations: F=female, IU=international unit, 9 
M=male, NA=not available, PR=production rate, SD=Sprague-Dawley. 10 
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IV.A.4.c.  Human Equivalent Concentration 1 
 2 


For lifetime exposure, the endpoints are thyroid hyperplasia and tumors observed in 3 
rodents, with a critical NOEL of 20 ppm (Kirkpatrick, 2005).  Since there is insufficient evidence 4 
to assume that rats are more sensitive than humans to the oncogenicity of MeI, the HECs 5 
incorporate an interspecies uncertainty factor of 10-fold, and are 16.3 ppm and 3.9 ppm for 8-6 
hour and 24-hour adult exposures.  However, these HECs are not applied in this document 7 
because no lifetime human exposure to MeI has been estimated (see Volume II).  Any concern 8 
with lifetime exposure can be addressed with the chronic exposure scenario because of a lower 9 
chronic NOEL of 5 ppm and a higher human chronic exposure level than those for lifetime 10 
exposure scenario.  The lifetime exposure estimate is generally a fraction of the chronic exposure 11 
level, reduced by a factor of number of work years/years in lifetime.  Thus, the chronic MOEs 12 
are expected to be lower than those for lifetime exposure.  13 
 14 
IV.A.5.  Summary of Human Equivalent Concentrations  15 
 16 
 The critical endpoints and HECs for risk characterization, as discussed in the previous 17 
sections and Appendix A, are summarized in Table 65.   18 
 19 
Table 65.  Critical endpoints and HECs for MeI risk characterization.a 20 
 21 


Human equivalent concentration, HEC  Duration Toxicity endpoints 
(PBPK dose metric) 


NOEL  
 Worker/ 


Worker bystander 
(8 hours) 


Bystander/ 
Resident 


(24 hours) 
Fetal death in rabbits 
(maternal plasma iodide AUC) 
(*Nemec, 2002d) 


 2 ppm   0.22 ppm 0.24 ppm  
(women of  
child-bearing age) 


Olfactory epithelium degeneration in 
rats (25% GSH depletion) 
(*Kirk-patrick, 2002b) 


21 ppm   2.8 ppm 2.2 ppm (all ages) 


Acute  
 


Neurotoxicity in rats 
(brain MeI AUC) (*Schaefer, 2002) 


27 ppm   3.4 ppm 3.4 ppm (all ages) 


↓ Pup weight, delayed development 
in rats (*Nemec, 2002a) 


 5 ppm   4.1 ppm 1.4 ppm (adult) Sub- 
chronic 


 ↑ Relative liver weight, ↓ body 
weight gain in rats 
(*Kirkpatrick, 2002b) 


21 ppm NA 2.4 ppm (child) 
1.9 ppm (infant) 


Chronic Salivary gland metaplasia  
in rats  
(*Kirkpatrick, 2005) 


 5 ppm   4.1 ppm 1.0 ppm (adult) 
0.6 ppm (child) 
0.5 ppm (infant) 


Lifetime Thyroid tumors in rats 
(*Kirkpatrick, 2005) 


20 ppm 16.3 ppm 3.9 ppm 


a/ * indicates studies conducted under FIFRA guidelines and were acceptable to DPR.  NA=not applicable because 22 
lower HEC available.   23 
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IV.B.  Exposure Assessment 1 
 2 


The assessment for inhalation exposure to MeI in the air based on MeI-specific studies is 3 
summarized in this section (details are in Volume II).  While the exposure estimates are 4 
expressed both as air concentration and absorbed doses in the assessment, only air concentrations 5 
are used in this risk assessment since the HECs are expressed in such term.  Of the estimates 6 
provided in Volume II, the estimated 1-hour absorbed doses for bystanders are not included in 7 
this document because currently there are no eye toxicity data to evaluate this exposure situation. 8 
They are based on the concern that bystanders may experience permanent eye damage if MeI 9 
comes into direct contact with the eye, as shown by the severe eye toxicity observed in the rabbit 10 
primary eye irritation study (Table 5; Bonnette, 2001d).  Applicators are required to wear eye 11 
protection to guard against such an exposure.   12 


 13 
Dermal exposure to MeI is considered negligible because the theoretical calculation 14 


indicated that dermal absorption would only add 0.01% to the total absorbed dose (discussed in 15 
Volume II).  Since no dermal absorption studies have been submitted to DPR, the amount of 16 
MeI absorbed through the dermal route could not be quantified.  Results from environmental fate 17 
studies suggest that exposure to MeI via the water is possible (Volume III).  In the soil 18 
environment, iodomethane does not adsorb to soil particles and is, therefore, considered mobile 19 
in soil/water systems.  Since it is rapidly metabolized, very low levels are expected in the water.  20 
DPR will assess this possibility when monitoring data become available.  Dietary exposure is not 21 
included because the MeI intended use is preplant fumigation of the soil, and no residues have 22 
been found in commodities grown on treated soil (Section II.G. Environmental Fate).   23 
 24 
IV.B.1.  Workers 25 
 26 
 For workers directly involved in fumigation, the exposure estimates are based on air 27 
concentrations measured for specific tasks using three MeI fumigation methods: tarped/raised-28 
bed/shank injection, tarped/flat-fume/shank injection, and tarped/raised-bed/drip irrigation.  The 29 
acute exposure is the upper-bound (95th percentile) of measured air concentrations for an 8-hour 30 
work day.  The arithmetic mean of the 8-hour TWA air concentrations for each task represents 31 
seasonal exposures of 3 months.  The annual exposure is the amortized seasonal exposure with a 32 
factor of 3-month season/12 months.  The exposures include a 90% protection factor for the use 33 
of air-purifying respirator by applicators, shovelmen, and tarp monitors.   34 
 35 
 For shank injection, tarp monitors had the highest 8-hour TWA acute air concentration 36 
(0.38 ppm), with similar levels for applicators (0.35 ppm), and lower levels for shovelmen and 37 
shovelers (0.11 ppm), and tarp handlers (0.16 ppm) (Table 66).  The air concentrations for 38 
tarped-bed drip irrigation were much lower for applicators and hole punchers (0.02 ppm).  For 39 
both types of application, planters had the same and lowest air concentration of 0.01 ppm.  The 40 
seasonal and chronic exposures followed a similar trend as the acute exposure for these two 41 
methods, except that the planter repeated exposures were lower for drip irrigation (e.g., 0.001 42 
ppm for subchronic exposure) than for shank injection (e.g., 0.004 ppm for subchronic 43 
exposure).   44 
 45 
   46 
 47 
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Table 66.  Acute and repeated exposures for workers engaged in pre-plant field fumigation 1 
with MeI.a 2 


Air concentration (ppm) Application Methods/Workers 
Acute Seasonal Chronicb 


Shallow Shank Injection-tarped (broadcast and bedded) 
Applicator 0.35 0.06 0.015 
Shovelman and shoveler 0.11 0.02 0.005 
Tarp monitor 0.38 0.04 0.01 
Tarp hole puncher, cutter 0.16 0.03 0.0075 
Planter 0.01 0.004 0.001 
Drip Irrigation- tarped (bedded) 
Applicator 0.02 0.001 0.0003 
Hole puncher 0.02 0.01 0.0025 
Planter 0.01 0.001 0.0003 


a/ Data from Volume II.  The exposures of applicators, shovelmen, shovelers, tarp monitor included a respiratory 3 
protection factor.   4 


b/ Chronic exposure in ppm was multiplying seasonal exposure in ppm by a factor of 3 months/12 months, the same 5 
factor used in Volume II for the absorbed dosage calculations.   6 


 7 
IV.B.2.  Bystanders and Residents 8 
 9 
 People not directly involved in the fumigation are categorized into three groups: worker 10 
bystanders (working in the next field), non-worker bystanders (present at the 152 meter buffer 11 
zone), and residents who live next to application sites.  Their exposures are determined by 12 
modeling of air data collected from samplers placed around treated fields using the 3 different 13 
fumigation methods in a total of 7 studies (Table 67).  These methods are the air concentrations 14 
at the 152-meter buffer zone, the minimum buffer zone in the USEPA approved labels, and 48 15 
hours after the application to a 40-acre field, the maximum acreage allowed per day.  For acute 16 
exposures (8 or 24 hours), an individual is assumed to be located downwind throughout the 17 
exposure interval at the maximum TWA air concentration for those durations.  The 24-hour 18 
exposure duration assumes that the indoor and outdoor air concentrations are the same.  The 19 
seasonal exposure was 0.07 μg/L based on the 2-week average concentration calculated from all 20 
air monitoring studies and an adjustment for changing wind directions.  While chronic exposure 21 
is not expected of bystanders, residents, living in the region where MeI is used, are potentially 22 
exposed throughout the year, calculated by reducing the seasonal values by a factor of 3 months 23 
of use/12 months.  For all bystanders, the highest exposures were those from drip irrigation 24 
(Table 67). 25 
 26 
Worker Bystanders 27 
For exposure only during the 8-hour work day, the TWA air concentrations for acute exposure 28 
ranged from 0.6 to 1.6 ppm (Table 67).  The seasonal air concentration was 0.012 ppm for all 29 
application methods. 30 
 31 
Non-worker Bystanders 32 
For 24-hour of exposure, the TWA air concentrations for acute exposure were 0.3 ppm (drip 33 
irrigation) and 0.2 ppm (both shank injection methods) (Table 67).  The seasonal air 34 
concentration was 0.012 ppm for all application methods. 35 
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Residents 1 
For residents next to application sites, the air concentration for acute exposure was 0.3 ppm from 2 
drip irrigation, the method resulting in the highest MeI 24-hour TWA air concentration (Table 3 
67).  Repeated exposures were calculated as the average of the three methods.  The 24-hour 4 
TWA air concentrations were 0.012 ppm (seasonal exposure) and 0.003 ppm (chronic exposure).   5 
 6 
 7 
 8 
Table 67.  Acute and repeated exposures to MeI for bystanders and residents.a 9 


Air concentration (ppm) Groups/ 
Application Methods Acute Seasonal Chronic 
Worker bystanders  
Drip irrigation, raised bed 1.6  0.012 NA 


Shank injection, raised bed 0.6 0.012 NA 
Shank injection, flat-fume 1.0 0.012 NA 
Other bystander adults  
Drip irrigation, raised bed 0.3 0.012 NA 
Shank injection, raised bed 0.2 0.012 NA 
Shank injection, flat-fume 0.2 0.012 NA 
Bystander children (3-5 years old) 
Drip irrigation, raised bed 0.3 0.012 NA 
Shank injection, raised bed 0.2 0.012 NA 
Shank injection, flat-fume 0.2 0.012 NA 
Bystander infants (<1 year old) 
Drip irrigation, raised bed 0.3 0.012 NA 
Shank injection, raised bed 0.2 0.012 NA 
Shank injection, flat-fume 0.2 0.012 NA 
Residents living next to application sites  
Adults 0.3 0.012 0.003 


Children 0.3 0.012 0.003 


Infants 0.3 0.012 0.003 


a/ Data for 152 meters and 8 or 24 hours of exposure from Volume II Exposure Assessment.  Seasonal ppm was 10 
derived from 0.07 μg/L from Volume II. Chronic ppm was calculated multiplying 0.07 μg/L (0.012 ppm) for 11 
seasonal exposure by a factor of 3 months/12 months, the same factor used in Volume II in the calculation of 12 
absorbed dose.  NA=exposure available or expected.  13 
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IV.C.  Risk Characterization  1 
 2 


The potential health risk associated with the use of MeI is considered for workers, 3 
bystanders, and residents.  The risk is calculated as the margin of exposure, a ratio of toxicity 4 
represented by HECs, and human exposure levels.  The potential risks associated with these 5 
MOEs will be discussed in V.D.1. under V. RISK APPRAISAL after the discussion on the need 6 
for an additional uncertainty factor.  7 


 8 
IV.C.1.  Workers 9 
 10 
 For workers, the lowest acute MOEs were calculated for the fetal toxicity endpoint.  The 11 
acute 8-hour MOEs for fetal death were 1 (applicators, tarp monitors, tarp hole 12 
punchers/cutters/removers), 2 (shovelmen and shovelers), and 22 (planters) (Table 68).  Higher 13 
acute 8-hour MOEs were calculated for nasal toxicity; they ranged from 7 (tarp monitors) to 280 14 
(planters) for shank injection, and from 140 (applicators and hole punchers) to 280 (planters) for 15 
drip irrigation.  For neurotoxicity, the acute 8-hour MOEs ranged from 9 (tarp monitors) to 340 16 
(planters of shallow shank-tarped application).  The seasonal MOEs ranged from 68 to 1025 for 17 
shank injection, and 410 to 4100 for drip irrigation.  The chronic MOEs ranged from 273 to 18 
>10,000 for both types of application method.   19 
  20 
IV.C.2.  Bystanders and Residents 21 
 22 
Worker Bystanders 23 
 For worker bystanders, the acute 8-hour MOEs for fetal death were 0.1 to 0.4 (Table 69).  24 
The acute MOEs for nasal toxicity were 2 (drip irrigation), 3 (shank injection, flat fume) and 5 25 
(shank injection, raised bed).  For neurotoxicity, the 8-hour MOEs ranged from 2 (drip irrigation) 26 
to 6 (shank injection, raised bed).  The MOE for seasonal exposure was 342 for all three 27 
methods. 28 
 29 
Other Bystanders 30 
 For adult bystanders, the acute 24-hour MOEs for fetal death were 0.8 to 1 (Table 69).  31 
When based on nasal toxicity, the acute MOEs for all age groups were 7 for drip irrigation and 32 
11 for both shank injections.  For neurotoxicity, the 24-hour MOEs for adults ranged from 11 33 
(drip irrigation) to 17 (both shank injection methods).  For children and infants, they were 5 (drip 34 
irrigation) and 8 (both shank injection methods).  The seasonal MOEs were 117 (adults), 200 35 
(children), and 158 (infants).   36 
 37 
Residents 38 
 For residents living next to application sites, the acute 24-hour MOEs for adults were 0.8 39 
(fetal death), 7 (nasal toxicity), and 11 (neurotoxicity) (Table 69).  For children and infants, they 40 
were 7 (nasal toxicity) and 5 (neurotoxicity).  The seasonal MOEs were 117 (adults), 200 41 
(children) and 158 (infants).  The chronic MOEs were 333 (adults), 200 (children), and 167 42 
(infants).   43 
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Table 68.  Margins of exposure workers engaged in pre-plant field fumigation with MeI.a 1 
 2 


Acute MOE Application 
Methods/Workers Fetal  


Death 
Nasal 


Toxicity 
Neurotoxicity


Seasonal 
MOE 


Chronic 
MOE 


Shallow Shank Injection-tarped (broadcast and bedded) 
Applicator 1 8 10 68 273 
Shovelman and 
shoveler 


2 25 31 205 820 


Tarp monitor 1 7 9 103 410 
Tarp hole puncher, 
cutter 


1 18 21 137 547 


Planter 22 280 340 1025 4100 
Drip Irrigation-tarped (bedded) 
Applicator 11 140 170 4100 13667 
Hole puncher 11 140 170 410 1640 
Planter 22 280 340 4100 13667 
a/ The MOEs were calculated with acute HECs of 0.22 ppm for fetal death in rabbits, 2.8 ppm for nasal tissue 3 


toxicity in rats, and 3.4 ppm for neurotoxicity in rats.  The subchronic HEC was 4.1 ppm for reproductive 4 
toxicity in rats, and the chronic HEC was 4.1 ppm for salivary gland metaplasia in rats.   5 


 6 
 7 
 8 







Draft – Do not cite or quote –draft MeI RCD Vol. I- March 9, 2009 


 145


Table 69.  Margins of exposure for bystanders and residents exposed to MeI.a 1 
 2 


Acute MOE Groups/ 
Application Methods Fetal 


Death 
Nasal  
Toxicity 


Neurotoxicity
Seasonal  
MOE 


Chronic  
MOE 


Worker bystanders  
Drip irrigation, raised bed 0.1 2 2 342 NA 
Shank injection, raised bed 0.4 5 16 342 NA 
Shank injection, flat-fume 0.2 3 3 342 NA 
Other bystander adults  
Drip irrigation, raised bed 0.8 7 11 117 NA 
Shank injection, raised bed 1 11 17 117 NA 
Shank injection, flat-fume 1 11 17 117 NA 
Bystander children (3-5 years old) 
Drip irrigation, raised bed NB 7 11 200 NA 
Shank injection, raised bed NB 11 17 200 NA 
Shank injection, flat-fume NB 11 17 200 NA 
Bystander infants (<1 year old) 
Drip irrigation, raised bed NB 7 11 158 NA 
Shank injection, raised bed NB 11 17 158 NA 
Shank injection, flat-fume NB 11 17 158 NA 
Residents living next to application sites  
Adults 0.8 7 11 117 333 
Children (3-5 years old) NB 7 11 200 200 
Infants (<1 year old) NB 7 11 158 167 
a/ The acute MOEs were calculated with HECs of 0.22 ppm (worker bystanders) and 0.24 ppm (other bystanders 3 


and resident adults) for fetal death in rabbits; and 2.8 ppm (worker bystanders) and 2.2 ppm (all other 4 
bystanders) for nasal tissue toxicity in rats, as well as 3.4 ppm (all groups) for neurotoxicity in rats.  The 5 
subchronic HECs were 4.1 ppm (worker bystanders) and 1.4 ppm (other bystanders and resident adults) for 6 
reproductive toxicity in rats; as well as 2.4 ppm (children), and 1.9 ppm (infants) for nasal toxicity in rats.  The 7 
chronic HECs were 4.1 ppm (worker bystanders), 1.0 ppm (other bystander adults), 0.6 ppm (children), and 0.5 8 
ppm (infants) for salivary gland metaplasia in rats.  NA=chronic exposure not expected, NB=endpoint not 9 
appropriate for this group. 10 
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V.  RISK APPRAISAL 1 
 2 


Every risk assessment has inherent limitations on the application of existing data to 3 
estimate the potential risk to human health.  Therefore, certain assumptions and extrapolations 4 
are incorporated into the hazard identification, dose-response assessment, and exposure 5 
assessment processes.  These, in turn, result in uncertainty in the risk characterization, which 6 
integrates all the information from the previous three processes.  The degree or magnitude of the 7 
uncertainty can vary depending on the availability and quality of the data, and the types of 8 
exposure scenarios being assessed.  The appraisal of the calculated risk considers the data and 9 
approaches used in the risk assessment process, and makes recommendations regarding the risks 10 
associated with the exposure to the chemical. 11 
 12 
V.A.  Hazard Identification 13 
 14 
 The main uncertainty in hazard identification is the lack of data to address potential 15 
toxicity in the young, since all the studies were conducted with adult animals.  NOELs generated 16 
from observations of adult animals may not be sufficiently protective.  Studies on developmental 17 
neurotoxicity for animals exposed during in utero, as well as those examining the postnatal 18 
effects of MeI on nasal tissues and the nervous system of young animals are needed.  The 19 
absence of such studies can lead to the underestimation of the toxicity based on the current 20 
database.   21 
 22 
V.B.  Exposure Assessment 23 
 24 
 The uncertainty associated with the exposure estimates is discussed in details in Volume 25 
II, and is summarized briefly in this section.  Sources of uncertainty included the use of single 26 
default breathing rates for different age groups, use of field spike data, and estimating exposure 27 
with the assumption of a linear relationship between number of acres treated and worker 28 
exposure.  These could lead to over- or under-estimation of exposures.   29 
 30 
 Some assumptions in air modeling likely lead to overestimation of bystander acute 31 
exposures.  They were: location (present directly downwind at the buffer zone), meteorological 32 
condition (constant wind speed, wind direction, and atmospheric stability), exposure duration 33 
(present at the buffer zone for the entire 8 or 24 hours), and constant flux with application size.  34 
The bystander long-term exposures were likely intermittent since MeI is used only as a pre-plant 35 
fumigant.  However, the exposure to iodide from MeI exposure was not estimated. 36 


  37 
V.C.  Risk Characterization 38 


 39 
 Uncertainties in the risk estimates are the result of limitations in the pharmacokinetic and 40 
toxicology study designed to address specific exposure scenarios, and inadequate exposure data 41 
to derive the actual human exposure.  To be health protective, conservative assumptions are 42 
made in the application of the NOELs and in the exposure estimates.   43 


 44 
When the HEC is used in the MOE calculation, a benchmark MOE of 30 is considered 45 


health protective such that any exposure with a MOE ≥ 30 would not be of significant health 46 
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concern.  This benchmark of 3019 assumes that humans are more sensitive than the most 1 
sensitive laboratory animal to MeI toxicity, with a default factor of 3 for interspecies 2 
pharmacodynamic differences (PDanimal, a factor of √10, rounded to 3), and a default factor of 10 3 
for interindividual differences in the PK and PD within the human population (PKhuman and 4 
PDhuman).   5 


 6 
 In the risk characterization for MeI, this benchmark of 30 may be insufficient because of 7 
the following:  8 


(1)  The lack of data for potential neurodevelopmental effects, in the presence of 9 
evidence for MeI perturbation of maternal and fetal thyroid functions.    10 
(2)  The substantial post-natal death in neonates of rats and rabbits associated with pre- 11 
and post- natal exposure to NaI and KI.   12 
(3) The high iodide levels from exposure to MeI at the reference concentration (RfC), 13 
when compared with current health-based limits of iodide intake.  14 


 15 
V.C.1.  Pre- and Post-natal Sensitivity 16 
 17 
 The current MeI database with rabbits is limited to an examination of pre-natal survival 18 
as late resorption or dead fetuses (see studies under III.G. Developmental Toxicity).  A 19 
developmental neurotoxicity study for MeI has not been conducted. 20 
 21 
V.C.1.a.  Thyroid Perturbation and Developmental Effects 22 


 23 
 There is a concern for potential developmental toxicity from MeI exposure because 24 
neurodevelopmental effects associated with thyroid toxicity is well documented (Howdeshell, 25 
2002; Zoeller et al., 2002; Zoeller, 2003).  Thyroid hormone dysfunction affects many fetal 26 
organs, e.g., heart, liver, muscle, and development.  Before the onset of fetal thyroid functions, 27 
maternal thyroid hormone is especially critical for the development of the fetal brain (Morreale 28 
de Esconbar et al., 2004).  While adults may recover from transient thyroxinemia without 29 
permanent consequences, the effects on developing fetuses can be permanent.  Many of these 30 
effects (e.g., mental retardation, neurological deficit) are neither clinically overt nor necessarily 31 
detected immediately after birth, especially in laboratory animals.  So far, early intervention 32 
alone has not been able to eliminate all effects stemming from fetal hypothyroxinemia (Zoeller, 33 
2003).  The manifestation of thyroid-related effects on the fetal brain is highly specific to the 34 
timing and region of brain development.  A threshold, the smallest change in thyroid hormone 35 
required for observing significant effects on various gene expressions, has not been delineated 36 
(Table 1 in Zoeller, 2003).   37 
 38 
 Neurobehavioral effects may be the result of excess iodide.  PBPK modeling for MeI 39 
predicted an extraordinarily high accumulation of iodide in the fetal thyroid (Appendix A).  In 40 
the study with KI by Vorhees et al. (1984), Sprague-Dawley rats were fed diets containing 0.025, 41 
0.05, or 0.1% KI 14 days before mating and during mating.  The treatment continues for 42 
pregnant dams throughout gestation and lactation periods, and for offspring up to 90 days of age.  43 
The corresponding treatment doses were 22, 44-46, or 92-93 mg/kg/day during pre-mating and 44 


                                                 
19 Mathematically, the benchmark MOE is 31.6 (√10 x 10) instead of 30. But for simplicity, it is referred to as 30-
fold. Thus, the RfCs are the result of 3 (pharmacodynamic) x 10 (interspecies) uncertainty factors. 
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gestation periods, and 34, 66, or 140 mg/kg/day during lactation period.  No fetal death occurred 1 
(with respect to number of litters with <8 live offspring, and numbers of born fetus per litter) at 2 
22 and 44-46 mg/kg/day.  However, many significant (p<0.05) developmental effects were 3 
reported at these two dose levels.  At 0.025% KI, effects reported during post-weaning period 4 
were: higher errors in swimming M-maze, lower mean number of wheel revolutions during the 5 
dark cycle, and increased number of trials to criterion on rotorod performance.  Additional 6 
effects were reported during the pre-weaning periods at the next higher dose of 0.05% KI.  They 7 
included: decreased body weight, 1 day delay in the development of auditory startle response, 8 
delayed olfactory orientation towards home-cage scent, and reduced swimming limb movements.  9 
Post-weaning body weight was also reduced.   10 
 11 
 Another illustration for the need of evaluating post-natal MeI toxicity is in a report by 12 
Morales de Villalobos et al. (1986) at an apparently lower maternal iodide dose than the above 13 
study by Vorhees et al. (1984).  Changes in brain enzyme levels were detected during post-natal 14 
days 5 - 30 in rat pups of dams that received 1.1 mg/day iodide in drinking water during 15 
pregnancy and lactation period.  These marker enzymes include glucose dehydrogenase, 16 
phosphofructokinase, malic enzymes, succinate dehydrogenase, and hexokinese.  The authors 17 
suggested that the brain enzyme profile indicated a bimodal thyroid status in pups that received 18 
iodide indirectly (pre-natal via maternal exposure, post-natal via breast milk) or directly (post-19 
natal via drinking water).      20 
 21 
V.C.1.b.  Post-natal Death  22 
 23 
 Published literature suggests that post-natal death in rabbits from MeI exposure should 24 
also be of concern. Marked reduction in the survival of neonates associated with pre- and post-25 
natal iodide exposure was reported by Ammerman et al. (1964) and Arrington et al. (1965).  26 
From the data for post-natal survival,  Arrington et al. (1965) reported a 30% survival of 3 days 27 
old rabbit pups from does that received the lowest tested level of 250 ppm iodide in the diet (9 28 
mg iodide/kg/day) for 2 days before parturition (i.e., equivalent to GD29-30), while the pup 29 
survival in the control group was 91%.  This iodide level in the diet is comparable to the total 30 
iodide at the MeI LOEL of 10 ppm (7.6 mg MeI/kg/day, or 6.8 mg iodide/kg/day).  The same 31 
authors also reported a mere 3% survival to day 3 among rabbit pups from does that received 500 32 
ppm iodide in the diet (18 mg iodide/kg/day) starting 5 days before parturition (presumably 33 
GD26-30).  In a cross-fostering study in rats, Ammerman et al. (1964) reported a 33.3% survival 34 
to day 10 for rat pups that received pre-natal iodide exposure through the maternal diet at 2,500 35 
ppm (150 mg/kg/day) but were fostered by non-treated dams.  This is much lower than the 36 
93.8% survival of non-iodide treated pups fostered by non-treated dams.  The lactational effect is 37 
evident in the 65.6% survival of non-treated pups fostered by iodide-treated dams.      38 
 39 
V.C.2.  Aggregate Exposure 40 
 41 
 The aggregate risk for exposure from multiple pathways is not conducted because the 42 
primary route of dissipation for MeI is volatilization into the air and there are no data available 43 
for other media.  USEPA conducted a qualitative drinking water assessment with MeI 44 
concentrations in the water estimated by modeling (USEPA, 2007).  USEPA concluded that MeI 45 
would not be expected to adversely impact ground water or surface water, but residue levels 46 
were not provided.  47 
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 1 
V.C.3.  Cumulative Toxicity 2 
 3 
 DPR is concerned with an additional iodide body burden from the conversion of MeI to 4 
iodide in the body after MeI inhalation exposure.  Excess iodide may cause a transient reduction 5 
in circulating T4, T3, and an increase in TSH (ATSDR, 2004).  In addition to pre- and post-natal 6 
developmental toxicity, excess iodide may contribute to autoimmune thyroid disease in 7 
susceptible individuals.  Thyroid autoimmunity may contribute to miscarriages, fetal death, and 8 
possibly childhood cognition, and postpartum depression (Smallridge et al., 2005).  The need to 9 
ensure safety of exposure to halides from pesticides was addressed in the USEPA and DPR risk 10 
assessments for sulfuryl fluoride (SF), which included total fluoride intake from the use of SF 11 
and from other sources (USEPA, 2006b; DPR, 2006).  With MeI, the USEPA is apparently only 12 
concerned with iodide in the air, as a result of MeI degradation after application (USEPA, 2007).  13 
This level was considered to be “lower than those expected to cause toxic effects,” but the data to 14 
support this statement were not provided in their risk assessment. 15 
 16 
V.C.3.a.  Health-based Standards 17 
 18 
 Major sources of human iodide intake include drinking water, iodide-containing table 19 
salt, natural occurrence in food, inclusion in food additives, vitamin and mineral supplements, 20 
and therapeutics.  The current iodide Recommended Daily Intake (RDI) for vitamins and 21 
minerals is 150 μg/day, as specified in 21CFR 101.9 (CFR, Code of Federal Regulation).  A 22 
drinking water maximum contamination level (MCL) for iodide has not been established by 23 
USEPA.  No iodide reference dose (RfD) or RfC is available.    24 
 25 
 Table 70 summarizes the current health-based standards for iodide intake from (1) the 26 
dietary reference intakes published by the Institute of Medicine (IOM) of National Academy of 27 
Sciences (IOM/NAS; NAS, 2000), (2) as proposed for updating WHO (World Health 28 
Organization) standards (Delange, 2007), and 3) 21 CFR 172.375 that provides the maximum 29 
single day iodide intake for food additives.  The iodide thresholds for young children are 30 
proportionally calculated from the standards for adults based on age-specific body weights.   31 
 32 
 The NAS Recommended Dietary Allowance (RDA) is the average daily dietary intake 33 
“sufficient to meet the nutrient requirement of nearly all (97 to 98 percent) healthy individuals in 34 
a particular life stage and gender group” (NAS, 2000).  The Tolerable Upper Intake Level (UL) 35 
is the highest average daily intake that is “likely to pose no risk of adverse health effects to 36 
almost all individuals in the general population” (NAS, 2000).  The NAS report emphasized that 37 
there is no established benefit for intakes above the RDA or tolerable UL.  Thus, for the 38 
following discussion on the excess iodide exposure from MeI, the RDA can be viewed as the 39 
approximate population background intake while the tolerable UL is the level that should not be 40 
exceeded.  It is understood that sensitive individuals are not included in these standards (NAS, 41 
2000), and the subject is further discussed in Section V.C.4. 42 
 43 
 In comparison, the Center for Disease Control (CDC) ATSDR established the Minimum 44 
Risk Level (MRL) for an estimated daily exposure that is “likely to be without an appreciable 45 
risk of adverse effects (noncarcinogenic) over a specified duration of exposure” (ATSDR, 2004).  46 
The acute (1-14 days) and chronic MRL for iodide is 0.01 mg/kg/day.  This level is 113 - 153 47 
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µg/day for an 11.3 - 15.3 kg child (1-3 years old) (USEPA, 1997) and 700-800 µg/day (including 1 
a background of 200 μg/day exposure) for a 70 kg reference adult.  The MRLs are comparable 2 
to, but slightly lower than, the tolerable UL established by NAS (Table 70).  3 
 4 
Table 70.  Current health criteria for iodide intake.  5 
 6 


Iodide intake (µg/day) 
NAS 2000a Delange 2007b 21 CFRc ATSDR, 2004 


Population Groups 


RDA Tol-UL Optimal Maximum  MRL 
Infants - - 90       45 - 
1 - 3 years      90 200 -     105 113-153 
4 - 8 years      90 300 -     225  
9 - 13 years    120 600 - -  
14 - 18 years    150 900 - -  
19 - >70 years    150 1,100 - - 
Pregnancy ≤ 18 years-
50 years 


   220 900 - 
1,100 


250-300     300 


Lactation ≤ 18 years- 50 
years 


   290 900-
1,100 


225-350     300 


700-800  
(70 kg adult, 
includes 200 


µg/day 
background) 


a/  RDAs: Recommended Dietary Allowances; Tolerable UL: maximum intake likely to pose no risk of adverse 7 
effects in healthy individuals.  8 


b/  The levels for pregnancy and lactation periods are estimated based on the increased demand for fetuses and the 9 
optimal amount in breast milk, but they may reach a point of maternal side effects (Delange, 2007) 10 


c/  Maximum single day iodide intakes established for food additive for KI as in CFR 172.375. 11 
 12 
 13 
 14 
V.C.3.b.  Additional Iodide from MeI 15 
 16 
 To evaluate the additional iodide from MeI exposure, the HECs are converted to RfCs 17 
first using the conventional total default UF of 30.  For this discussion, only acute exposure is 18 
considered since it has the lowest HECs (Table 65).  The RfCs are 8, 73, and 113 ppb for fetal 19 
death, nasal effect, and neurotoxicity, respectively, for the 24-hour HECs of 0.24 ppm, 2.2 ppm, 20 
and 3.4 ppm (Table 71).  The RfCs in turn are expressed in term of iodide levels, resulting from 21 
MeI exposure, using the breathing rates and equation indicated in Table 71.  It should be noted 22 
that the iodide exposures will be higher by 15-30%, if the breathing rates for active and very 23 
active persons (all age groups) are used (USEPA, 2008b).   24 
 25 
 As shown in Table 71, the estimated additional iodide intake from MeI at the 26 
hypothetical RfCs, without any consideration for background iodide exposure, exceeds the 27 
tolerable ULs in most cases.  If the regulatory air concentration for MeI is set at the lowest RfC 28 
of 8 ppb, the iodide levels (336 and 404 µg/day) of children (1-8 years old) will exceed the upper 29 
limits (200-300 µg/day).  Assuming a tolerable additional iodide (TAI) intake for MeI can be 30 
estimated as the difference between the NAS’ RDA and the tolerable UL, the maximum iodide 31 
from MeI exposure is 110 for 1 - 3 years old and 210 μg/day for 4 -8 years olds.  Thus, even at 32 
the lowest HEC of 0.24 ppm, established for maternal MeI exposure to protect against fetal 33 
death, the additional iodide intake at the corresponding hypothetical RfC will likely constitute a 34 
health concern for young children.  These iodide calculations from the RfC do not include the 35 
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additional iodide exposure through breast milk from maternal exposure to the same MeI 1 
concentration, nor do they include considerations for sensitive individuals within each population 2 
age category.  These latter observations provide further suppport for the need to consider 3 
additional protection for children against excess iodide exposure from MeI.      4 
 5 
Table 71.  Additional iodide intake from MeI at 30-fold below 24-hr HECs.a     6 


Iodide Standardsb 
(µg/day) 


Additional Iodide at hypothetical RfCs for MeId 
(µg/day) 


Population Groups 


RDA Tol-UL  


TAIc 


(µg/day) 
8 ppb -fetal  73 ppb - nose 113 ppb - brain 


1 - 3 yrs   90 200 110 336 3,076 4,753 
4 - 8 yrs   90 300 210 404 3,706 5,727 
9 - 13 yrs 120 600 480 606 5,558 8,590 
14 - 18 yrs 150 900 750 687 6,300 9.736 
19 - >70 yrs 150 1,100 950 614 5,633 8,705 
Pregnant/Lactate 
≤ 18 yrs-50 yrs 


220-290 900-1,100 610-880 687 6,300 9,736 


a/  BR: the high end of the average breathing rate according to USEPA Exposure Factors Handbook (EFH; 7 
USEPA, 1997): 8.3 m3/day for 1 - 3 yrs old; 10 m3/day for 4 - 8 yrs old; 15 m3/day for 9 - 13 yrs old, 17 m3/day 8 
for 14 - 18 yrs old, and pregnant and lactating females; and 15.2 m3/day for 19+ yrs.      9 


b/  The NAS (2000) RDAs of iodide and its tolerable upper levels (ULs) 10 
c/  TAI= calculated difference between RDA and ULs 11 
d/ Additional iodide exposure = RfC (ppb) x 5.65 (µg/m3)/ppb x BR x (127/142).  The ratio of molecular weight 12 


of iodide (127) to MeI (142) is used to account for the weight of iodide in MeI. 13 
 14 
 15 
 16 
 17 
V.C.4.  Sensitive Populations 18 
 19 
 The following remarks regarding sensitive individuals to excess iodide are stated in the 20 
IOM/NAS summary table of Dietary Reference Intake table:   21 
 22 
 “Individuals with autoimmune thyroid disease, previous iodine deficiency, or nodular goiter 23 


are distinctly susceptible to the adverse effect of excess iodine intake.  Therefore, individuals 24 
with these conditions may not be protected by the UL for iodine intake for the general 25 
population.” (IOM/NAS, 2000) 26 


 27 
Depending on the level of excess iodide exposure, people in areas of deficient, mild, or moderate 28 
iodide without underlying thyroid disease may also have greater risk.  Oral ingestion can also 29 
produce allergic reactions in sensitive individuals.  Iodide is actively concentrated in the lactating 30 
mammary gland due to increased expression of sodium/iodide symporter (NIS) (Pearce et al., 31 
2008).  Thus, nursing infants can receive excess iodide exposure through breast milk from 32 
maternal MeI exposures.    33 
 34 
 Based on the effects of thyroid perturbation by MeI, people with clinical and subclinical 35 
thyroid disease20 or a lack of adaptation to the antithyroid action of iodide are expected to be at 36 


                                                 
20 Defined by Wilson and Curry (2005) as having lowered serum thyroid-stimulating hormone concentration, 0.1-
0.45 µU/mL) when serum free T3 and T4 is within normal range. 







Draft – Do not cite or quote –draft MeI RCD Vol. I- March 9, 2009 


 152


greater risk to further thyroid perturbation; e.g., Graves disease, receiving exogenous thyroid 1 
hormone therapeutics or thyroid active drugs, recovering from treatment of hyperthyroidism, 2 
pregnancy, fetal thyroid precondition, genetic defects, or people taking other medications (e.g., 3 
dopamine, glucocorticoids, dobutamine) (Surks, 1995; Wilson and Curry, 2005; Fisher 1997).   4 
 5 


Higher sensitivity may also be related to a low capacity for oxidative stress.  Preterm 6 
neonates are at greater risk of oxidative stress because the maternal-to-fetal transfer is 7 
incomplete during the final gestation period, and their antioxidant defense is not yet matured 8 
(Robles et al., 2001).  Included in other age groups that have lower GSH are young adults and 9 
older people (Lavoie and Chessex, 1997 and 1998; Erden-Inal et al., 2002; Hussain and Ali, 10 
1998).  Individuals with a genetic low expression of GSH may also be more sensitive.   11 


 12 
Active or very active persons with higher breathing rates will result in higher MeI 13 


exposure, and the associated increase in iodide intake. Thus they are expected to have greater 14 
risk from MeI exposure.    15 
 16 
V.D.  Additional Uncertainty Factor  17 
 18 
 An additional uncertainty factor is considered for MeI for young children because of the 19 
serious and irreversible nature of neurodevelopmental effects that have not been studied, the 20 
post-natal mortality from excess iodide that needs further study in the context of MeI exposure, 21 
and the level of excess iodide in MeI being added to the background iodide intake.  The current 22 
default risk assessment approach for taking into account data gaps, especially lacking 23 
information for pre- and post- natal developmental toxicity for chemicals with evidence of 24 
neurodevelopmental potential, is to apply an additional uncertainty factor (UFadditional), or 25 
modification factor, to the final RfC determination.  This UFadditional is usually 3- or 10-fold, 26 
depending on the weight of evidence for the concern, data availability, and adversity of effects of 27 
concern.  Since the fetal endpoint HEC is the lowest among the three HECs presented in this 28 
review, it is used here for a quantitative analysis on the impact of applying a 3- or 10- fold 29 
UFadditional for children’s protection.  The additional iodide intake from MeI at these levels is 30 
presented in Table 72.  The intake with UFadditional at 1 (i.e., UFadditional not used), as well as the 31 
NAS’s RDAs and tolerable ULs, are repeated here for comparison.    32 
 33 
 To determine the appropriate factor for the health protection for children, the RfCs for 34 
two UFadditional, a factor of 3 and 10, are compared with iodide standards (Table 72).  When the 35 
RfC is 8 ppb with no UFadditional, this RfC is sufficiently protective of adults, but not young 36 
children.  The use of a factor of 3 for UFadditional results in 112 µg/day estimated additional iodide 37 
intake for young children.  Assuming that the 90 µg/day RDA is the background intake, the total 38 
intake with the addition from MeI is 202 µg/day.  Using the higher breathing rate for active and 39 
very active persons (USEPA, 2008b) will result in estimated total iodide intake of 219 µg/day for 40 
children 1 - 3 years old.  Although this is only slightly higher than the NAS’s UL of 200 µg/day, 41 
it exceeds the 113-153 µg/day calculated from CDC’s MRL for this age group (Table 70) by 43 - 42 
193%.  This estimated total dose does not account for additional iodide intake through breast 43 
milk from maternal MeI exposure.  Nor does it account for the sensitive population to whom the 44 
NAS cautioned that the tolerable UL may not be sufficiently protective.  45 
 46 
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 Increasing the UFadditional to 10 results in an estimated additional iodide intake from MeI 1 
of 34 µg/day for children 1-3 years old (or 39 µg/day for active and very active children).  2 
Adding the assumed background intake of 90 µg/day RDA, the total iodide intake of 124 µg/day 3 
(or 129 µg/day for active and very active children) stays within the 113-153 µg/day calculated 4 
from CDC’s MRL.  As stated by IOM/NAS (2000), there is no established benefit for intakes 5 
above the RDA; i.e., 90 µg/day for this age group. 6 
 7 
 Thus, this risk assessment recommends a 10-fold UFadditional  to the benchmark MOE and 8 
RfC, resulting in a total uncertainty factor of 300 consisting of  the current default UF of 30 to 9 
account for interspecies pharmacodynamic differences, and interindividual differences, and the 10 
10-fold UFadditional.  This factor of 10-fold is sufficient with respect to acute exposure and the 11 
fetal death endpoint as discussed.  However, other endpoints with higher HECs, even with the 12 
application of the UFadditional, will result in excessive iodide exposure. This aspect will be 13 
discussed further in the Section V.D.2. on the recommendation for RfCs.  14 
 15 
 16 
Table 72.  Additional iodide intake from the proposed 24-hour MeI RfC for fetal effects.a 17 


Iodide Standardsb 
(µg/day) 


Additional Iodide Intake (µg/day)  
at proposed RfCsc 


Population Groups 
              


RDA Tol-UL RfC = 8 ppb 
(UFadditional =1) 


RfC = 2.7 ppb 
(UFadditional =3) 


RfC = 0.8 ppb 
(UFadditional =10) 


1 - 3 yrs   90    200 336 112 34 
4 - 8 yrs   90    300 404 135 40 
9 - 13 yrs 120    600 606 202 61 
14 - 18 yrs 150    900 687 229 69 
19 - >70 yrs 150 1,100 614 205 61 
Pregnant ≤ 18 yrs 220    900 687 229 69 
Pregnant 19-50 yrs 220 1,100 687 229 69 
Lactate ≤ 18 yrs 290    900 687 229 69 
Lactate 19-50 yrs 290 1,100 687 229 69 


a/  Additional uncertainty factor of 1, 3, or 10 is applied for protecting against the potential neurodevelopmental 18 
effects.    19 


 BR: the higher range of the average breathing rate according to USEPA Exposure Factors Handbook (USEPA, 20 
1997): 8.3 m3/day for 1 - 3 yrs old; 10 m3/day for 4 - 8 yrs old; 15 m3/day for 9 - 13 yrs old, 17 m3/day for 21 
14 - 18 yrs old, and pregnant and lactating females; and 15.2 m3/day for 19+ yrs.   The rates for active and 22 
very active persons (infants to 70 years old) are 15 - 30% higher, resulting in higher iodide exposure 23 
(USEPA, 2008b).    24 


b/  The NAS (2000) RDAs of iodide and its tolerable upper levels (ULs) 25 
c/  Total iodide exposure = RfC (ppb) x 5.65 (µg/m3)/ppb x BR x (127/142).   The ratio of molecular weight of 26 


iodide (127) to MeI (142) is used to account for the weight of iodide in MeI. 27 
 28 
 29 
 30 
 31 
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V.D.1.  Assessment of MOEs for MeI Inhalation Exposure 1 
 2 
 When compared to the benchmark MOE of 300, there are health concerns for MeI 3 
inhalation exposure scenarios by workers, bystanders, and residents under the proposed uses 4 
(Tables 68 and 69).  Most of the acute and seasonal MOEs for workers are below this 5 
benchmark.  Chronic exposure MOEs for this group are close to 300 (shallow shank applicator at 6 
273) or higher (range from 410 to 13667).  For worker bystanders, the acute MOEs are all <300, 7 
but the seasonal MOEs are at 342.  For other bystanders and residents living in the application 8 
region, the acute and seasonal MOEs are all <300.  The chronic MOEs for residents living in the 9 
region are also <300 for the infants and children groups, while the MOE is 333 for adults.  10 
 11 
V.D.2.  Recommended MeI Reference Concentrations 12 
 13 
 When a 10-fold UFadditional is included in deriving the RfCs for MeI in the air, the RfCs 14 
are: 1 ppb for fetal death endpoint, 7 ppb for nasal toxicity endpoint, and 10 ppb for 15 
neurotoxicity (Table 72).  Because the lowest RfC of 1 ppb is only applicable to women of child-16 
bearing age, additional acute RfCs are needed for the remaining population groups.  If the RfC is 17 
7 ppb, the lowest calculated RfC for all ages, the total body burden of iodide intake (308 µg/day 18 
as 1/10 of 3,076 µg/day for 73 ppb for MeI in Table 71 and 90 µg/day for RDA) exceeds the 19 
tolerable UL of 200 µg/day for young children (NAS, 2000).  If the RfC is reduced to 3 ppb, the 20 
total iodide intake is 216 µg/day (126 µg /day + 90 µg /day for RDA) and close to the tolerable 21 
UL.  Thus, from the standpoint of protecting against excess iodide intake, a MeI RfC should not 22 
exceed 1 to 3 ppb.  The consideration for iodide toxicity also applies in the derivation of RfCs 23 
for subchronic and chronic scenarios.  24 
 25 
Table 73.  Reference concentrations for MeI inhalation exposure.a 26 
Duration/endpoint HEC (ppm) RfC (ppb) 
Acute Exposure 


0.22 (8 hour, adult) 1 Development effect: 
Fetal death in rabbits 0.24 (24 hour, adult) 1 


2.8 (8 hour) 9 Port-of-entry effect: 
Nasal effect in rats  2.2 (24 hour, all ages) 7 
Systemic effect: 
Neurotoxicity in rats  


3.4 (8 or 24 hours, all 
ages) 


11 


Subchronic Exposure 
4.1 (8 hour) 14 Reproductive and developmental effect: 


↓ pup weight and viability, delayed 
development in rats 


1.4 (24 hour, adult) 5 


2.4 (24 hour, child) 8 Systemic effect: Liver and body weight 
changes, and nasal effects in rats  1.9 (24 hour, infant) 6 
Chronic Exposure 


4.1 (8 hour) 14 
1.0 (24 hour, adult) 3 
0.6 (24 hour, child) 2 


Systemic effect: 
Salivary gland metaplasia in rats 
 


0.5 (24 hour, infant) 2 
a/ The HECs are from Table 65.  The RfCs were calculated as a quotient (HEC/UF) using an uncertainty factor of 27 
300.   28 
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VI.  CONCLUSION 1 
 2 


The human health risk associated with the inhalation exposure to MeI from the proposed 3 
use in preplant field fumigation is evaluated in this risk characterization document.  The 4 
exposure groups assessed are: workers directly involved in the application of MeI, workers in the 5 
adjacent fields, bystanders present at the buffer zone of 152 meters, and residents living next to 6 
application sites.  Their exposures are estimated from MeI field monitoring studies.  The toxicity 7 
of MeI, in the evaluation of potential risk, is based on data from laboratory animals.  MeI is an 8 
endocrine disruptor resulting perturbation of maternal and fetal thyroid functions and 9 
histopathological changes in rats and rabbits.  It also causes degeneration to the nasal epithelium 10 
and neurotoxicity in rats.  These effects may be due to MeI and iodide toxicity.  Data supports 11 
the conduct of a developmental neurotoxicity study.  MeI is also an oncogen resulting in thyroid 12 
tumors in rats, and humans should be assumed to be more sensitive to the oncogenicity of MeI 13 
than laboratory animals.   14 


 15 
The toxicity endpoints for MeI exposure are: fetal death in rabbits, olfactory epithelial 16 


degeneration in rats, and neurotoxicity in rats for acute exposure, and reproductive and systemic 17 
effects in rats for repeated exposures.  The lowest HECs are those for acute exposures, 0.22 ppm 18 
for 8-hour, and 0.24 ppm for 24-hour exposures, based on fetal death in rabbits.  Calculated 19 
MOEs show acute exposure is of greater concern because the MOEs are lower than those for 20 
repeated exposures.  Acute MOEs are 0.1 to 22 for adults (fetal death endpoint) and 7 to 11 for 21 
young children (nasal toxicity endpoint) exposures.  22 


 23 
The appropriate benchmark to evaluate these MOEs is 300, which includes an additional 24 


uncertainty factor of 10-fold, instead of the conventional value of 30.  An additional uncertainty 25 
factor is deemed necessary to address concerns about MeI causing potential developmental 26 
neurotoxicity and post-natal death, as well as iodide toxicity.  The calculated MOEs for most 27 
exposure scenarios, acute as well as some repeated exposures, are well below this benchmark.  28 
Significant reduction of exposure, up to 3,000 fold, for some scenarios, is needed.  Thus, the MeI 29 
air concentration estimated for human exposure to MeI under the proposed use conditions will 30 
result in significant risks for workers and the general population.  Furthermore, RfCs to be 31 
established for MeI should not exceed 1 to 3 ppb, for any duration, to protect young children 32 
against excess iodide intake.  33 


 34 
 35 
 36 


 37 
 38 
 39 
 40 
 41 
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ABSTRACT 1 
 2 


Methyl iodide is a new active ingredient that is being proposed as a pre-plant fumigant to 3 
control pests in soil.  With the phase-out of methyl bromide use (USEPA, 1993), methyl 4 
iodide is actively being developed as an alternative in pre-plant soil fumigation.  USEPA 5 
has approved the use of methyl iodide, but the chemical is not currently registered for use 6 
in California. 7 
 8 
The expected primary route of exposure to methyl iodide for humans is through inhalation 9 
due to the chemical’s high vapor pressure.  Acute (8-hour) and long-term exposures of 10 
workers and bystanders to methyl iodide were estimated using air concentrations detected 11 
in chemical-specific studies performed at super- and sub-maximal application rates.  12 
Measured air concentrations of methyl iodide were adjusted to reflect the maximal label-13 
approved application rates.  Label-required buffer zones and respiratory personal 14 
protective equipment or engineering controls for applicators were also factored in before 15 
worker and bystander exposures were calculated. 16 
 17 
Acute exposures from tasks performed by fumigation workers, expressed as absorbed 18 
daily dosage, ranged from 2.7 µg/kg-day for planters to 213.2 µg/kg-day for tarp 19 
monitors.  Seasonal absorbed daily dosages ranged from 0.6 µg/kg-day for planters to 26.2 20 
µg/kg-day for applicators.  Theoretical long-term or annual absorbed daily dosages ranged 21 
from 0.1 µg/kg-day for planters to 6.6 µg/kg-day for applicators.  22 
 23 
Each bystander exposure scenario is for a 40-acre field and an individual that is 152m 24 
(400 ft) from the edge of the field.  Acute (8-hour) exposures arising from tasks performed 25 
by non-fumigation workers or other adult bystanders in fields at the 152 m (400 ft) label-26 
required buffer zone near previously fumigated tarped fields, ranged from 325 µg/kg-day 27 
to 882 µg/kg-day.  Potential acute (24-hr) exposures of resident bystanders to application 28 
site concentrations of methyl iodide at the 152 m (400 ft) buffer zone near 40-acre fields 29 
fumigated by different methods ranged from 278 µg/kg-day (adults) to 969 µg/kg-day 30 
(infants).  Seasonal exposures of resident bystanders immediately outside the buffer zone 31 
ranged from 19 µg/kg-day (adults) to 40 µg/kg-day (infants).  Theoretical, amortized 32 
annual exposure of bystanders to the potential ambient air concentrations of methyl iodide 33 
near fumigated fields ranged from 5 to 10 µg/kg-day for adults and infants, respectively. 34 
 35 


36 
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1


I. INTRODUCTION 1 
 2 
Methyl iodide (MI), also known as iodomethane, is a colorless liquid that turns yellow, brown, or 3 
red when exposed to sunlight and moisture.  MI has an acrid odor that is a poor warning 4 
indicator of human exposure.  There are a number of industrial uses for MI.  Because of its high 5 
refractive index, MI is used in microscopy.  Methyl iodide is also used as an embedding material 6 
for examining diatoms, in testing for pyridine, and as a methylating agent in organic synthesis 7 
(ACGIH, 1986).    MI is naturally emitted in small amounts by rice plantations. 8 
 9 
Methyl iodide is also being proposed as a new active ingredient for pre-plant, field fumigation to 10 
control pests in soil (including weed seeds, nematodes, insects, and diseases), as an alternative to 11 
methyl bromide (MB).  MB is scheduled to be phased out of use (USEPA, 1993; UNEP, 1995; 12 
UNEP, 1998).  The Department of Pesticide Regulation (DPR) is charged with protecting 13 
individuals and the environment from potential adverse effects that may result from the use of 14 
pesticides in the State (California Food and Agriculture Code (CFAC), Sections 11501, 12824, 15 
12825, 12826, 13121-13135, 14102, and 14103).   16 
 17 
MI may be acutely toxic for humans.  DPR does not have data to assess all of the theoretical 18 
worker exposure scenarios, or potential exposures to the public from all methyl iodide 19 
applications identified in Table 1.   The scenarios identified for MI were not based entirely on the 20 
labels for MI, but also on the work tasks associated with the known uses of methyl bromide as a 21 
pre-plant soil fumigant.  Since the exposures associated with every scenario will not be assessed, 22 
it is important to assess representative scenarios in which the expected exposures will be equal 23 
to, or greater than, those of all other scenarios. 24 
 25 
Pre-plant soil fumigations using methyl bromide have been applied by either (1) shank injection, 26 
or (2) drip irrigation (Thongsinthusak and Haskell, 2002).  Both of these techniques have been 27 
done with, or without, plastic tarps covering the treated soil.  However, the Federal labels 28 
specifically require the use of tarps during pre-plant soil fumigation with MI.  Consequently, 29 
theoretical scenarios involving un-tarped fields do not need to be assessed.   The labels allow the 30 
use of both standard and highly retentive (VIF™ and approved Metallic™) tarpaulins.  The use 31 
of highly retentive tarpaulins requires a reduced application rate of MI.  However, to be health 32 
protective, DPR assumes that the highest label-approved application rate of MI will be used in 33 
conjunction with the standard tarpaulin. 34 
 35 
Pre-plant shank injections of methyl bromide can be made with either deep shanks (>12”) or 36 
shallow shanks (8-12”) (Thongsinthusak and Haskell, 2002).   However, applicator exposures to 37 
MB done with deep shank techniques were less than shallow shank applications.  As the 38 
chemical/physical properties of MI are similar to those of MB (Thongsinthusak and Haskell, 39 
2002), it is expected that occupational exposures to MI will follow the same pattern as MB.  40 
Thus, the occupational exposures from shallow-shank injection of MI will likely be at least as 41 
great, if not greater than, those for deep shank injection.  Consequently, shallow shank injection 42 
activities will be used as representative of all shank injection activities.  Likewise, bystander 43 
exposures to MI emanating from deep shank injected plots are expected to be less than that from 44 
the representative shallow shank injected areas.45 
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Table 1.  Potential exposure scenarios associated with all formulations of methyl iodide to 1 
be used in California for pre-plant field fumigation.   2 
 3 


 Fumigation Activity Application Method Route of Exposure 


Handlers: 
Tractor driver 
Driver’s assistant 
Shoveler  
Supervisor 


Early Entry Handlers: 
Tarp cutter 
Tarp remover  
Tarp remover driver 


Fieldworker (post REIa): 
Planter 


Shallow and deep shank, 
tarped soil, broadcast 
injection 


Inhalation, dermal 
absorption 


Handlers: 
Tractor driver 
Shoveler 
Tarp monitor 
Supervisor 


Early Entry Handlers: 
Hole puncher 
Tarp remover 
Tarp remover driver 


Fieldworker (post REI): 
Planter 


Shallow and deep shank, 
tarped raised bed 
injection 


Inhalation, dermal 
absorption 


Handlers:  
Applicators 
Supervisor 


Early Entry Handlers: 
Hole puncher 
Tarpaulin remover 
Tarpaulin remover driver 


Fieldworker (post REI): 
Planter 


Drip irrigation system, 
tarped field, liquid 
fumigant 


Inhalation, dermal 
absorption 


Applicators and bystanders 
working adjacent fields; 
Residents living immediately 
adjacent to application sites; 
Residents in farming 
communities. 


All forms of application Inhalation, dermal 
absorption 


 a  REI = Restricted entry interval 4 
 5 
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After consultation with several County Agricultural Commissioners, it appears that pre-plant soil 1 
fumigations with drip irrigation in flat fields are no longer used.  Therefore, this exposure 2 
assessment currently only addresses raised bed applications for the drip irrigation scenario (Table 3 
2). 4 
 5 
Table 2. Representativea exposure scenarios, label-approved treatments, and potentially 6 


exposed individuals. 7 
 8 
Representative Exposure Scenarios Other Label-Approved Treatments Potential Individuals Exposed 


Shallow shank, tarped soil, broadcast 
injection 


 Tractor driver, Driver’s assistant, 
Shoveler, Supervisor, Tarp cutter 


Tarp remover, Tarp remover driver 
 


Fieldworker: (post REIb) Planter 
 Deep shank, tarped soil, broadcast 


injection 
Same as above 


Shallow shank, tarped raised bed 
injection 


 Tractor driver, Shoveler, Tarp 
monitor, Supervisor, Hole puncher,  


Tarp Remover, Tarp Remover Driver 
 
Fieldworker: (post REI) Planter 


Drip irrigation system, tarped field, 
liquid fumigant 


 Applicators, Supervisor, Hole 
puncher, Tarpaulin Remover, 
Tarpaulin Remover Driver, 


 
Fieldworker: (post REI),  Planter 


Bystanders  Bystanders working adjacent fields; 
Residents living immediately adjacent 


to application sites, Residents in 
farming communities. 


a Representative scenarios are those activities in which the expected exposures of individuals will be equal to, or 9 
greater than, those individuals in all other similar scenarios. 10 


b REI = Restricted entry interval 11 
 12 
This exposure assessment document contains sections dealing with physical and chemical 13 
properties, formulations, proposed usage, label precautions, human illnesses, dermal 14 
toxicity/sensitization, animal/human metabolism, inhalation uptake and dermal absorption. 15 
Information from these sections will likely contribute to a better understanding of the nature, 16 
potential usage, and potential for human exposure. Acute exposure estimates are usually 17 
presented as an 8- or 24-hour time-weighted-average (TWA) air concentration of methyl iodide. 18 
These 8- or 24-hr TWA estimates are grouped as acute exposure (daily exposure). The repetitive 19 
exposures considered in this document are seasonal (more than a week, but less than a year) and 20 
annual exposures. 21 
 22 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


4


A. Physical and Chemical Properties 1 
 2 
Physical and chemical properties of methyl iodide as mentioned below were obtained from the 3 
Farm Chemicals Handbook (Meister, 2004), the Merck Index (Budavari et al., 1996), and the 4 
registrant (Aryesta, 2000; Aryesta, 2002; Brookman and Curry, 2002a; Brookman and Curry, 5 
2002b).  6 
 7 


Chemical name: Iodomethane, monoiodomethane 8 
CAS registry number: 74-88-4 9 
California chemical code: 5783 10 
USEPA PC Code: 000011 11 
Common name: methyl iodide  12 
Trade names: Midas. 13 
Molecular formula: CH3I 14 
Molecular weight: 141.95 g/mole 15 
Chemical structure: CH3-I 16 
Physical appearance and stability: Colorless to pale yellow liquid with an acrid odor.  It is 17 


non-corrosive to metals, incompatible with strong oxidizing and reducing agents, and 18 
stable at room temperature in sealed containers.  On exposure to light, discoloration 19 
occurs due to decomposition and subsequent liberation of free iodine. 20 


Solubility: Methyl iodide is soluble in water (1.42 x 104 ppm = 14.2 g/L @ 25°C), and is 21 
miscible with alcohol and ether. 22 


Boiling point: 42 oC 23 
Melting point: -66.1 oC 24 
Vapor pressure: 398 mm Hg (25oC) 25 
Specific gravity: 2.279g/mL (liquid) 26 
Henry’s Law Constant (Kh): 0.0054 atm-m3/mol (25°C) 27 
Conversion factor: 1 ppm = 5.81 mg/m3 at 25 oC 28 


 29 
 30 


B. Federal Regulatory History 31 
 32 
Methyl iodide (iodomethane) has been proposed as an alternative to methyl bromide for pre-33 
plant soil fumigation.  Methyl bromide is scheduled by U.S. EPA to be removed from the market 34 
based on its depletion of ozone in the stratosphere (USEPA, 1993; Sims et al., 1995; UNEP, 35 
1995; Ohr et al., 1996).  A draft risk assessment for methyl iodide dated January 5, 2006 was 36 
posted on U.S. EPA’s website for public comment on January 6, 2006 (USEPA, 2006).  In 2007, 37 
USEPA granted conditional registration of MI with a 1-year time limit.  The final risk 38 
assessment for MI was posted on the U.S. EPA website on August 3, 2007 (USEPA, 2007).  In 39 
2008, USEPA granted conditional registration of MI with no time limitation. 40 
 41 
U.S. EPA reported: “Risks to occupational handlers, (including tractor drivers, co-pilots, 42 
shovelers, soil sealers, and tarp removers), involved in pre-plant field fumigation were evaluated 43 
using iodomethane-specific handler monitoring data (USEPA, 2006). The data indicate that 44 
exposures exceed U.S. EPA Health Effects Division’s (HED’s) level of concern for some 45 
workers involved in the application of iodomethane when no respiratory protection is used (e.g., 46 
tractor drivers, co-pilots, and shovelers). Air purifying organic vapor removing respirators 47 
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(APRs) which reduce exposure levels by a factor of 10 were also considered and exposures were 1 
reduced below HED’s level of concern for all workers involved in application with these 2 
devices, although for some application tasks, APRs are not required to achieve acceptable 3 
exposure levels. Respirators would be the most practical protective equipment choice for 4 
reducing exposures for most workers in this case. This was because the field monitoring data 5 
used for this analysis already reflected the use of some engineering controls such as tarps, tractor 6 
cabs, deep injection, or other devices including fans in proximity to drivers. The duration of 7 
exposure had no impact on the results of this assessment. 8 
 9 
For workers who entered fields days after application to prepare for planting (e.g., tarp cutters or 10 
hole punchers), exposures were not of concern 5 days after application (which reflects the 11 
available data) without any sort of respiratory protection. This was also the case for planters 12 
where exposures were not of concern 7 days after application without any sort of respiratory 13 
protection (which also reflects the available data).” 14 
 15 
With regards to bystander exposures, the U.S. EPA Interim Registration Eligibility Document 16 
(IRED) stated: “For known area sources (i.e., treated agricultural fields), HED first used 17 
monitoring data to assess bystander exposures to iodomethane. Risks exceeded HED’s level of 18 
concern based on these data. In addition, the Industrial Source Complex - Short Term model 19 
(ISCST3) was used to further characterize exposures by extrapolating to conditions under which 20 
empirical data are not available. In the ISCST3 analysis, varied meteorological conditions, field 21 
sizes, and emission rates were considered. Results demonstrate that for the cases considered, 22 
many risks exceed HED’s level of concern (MOEs <30) for distances less than 100 meters 23 
downwind of the treated fields larger than 1 acre especially when the atmosphere is relatively 24 
stable and where wind speeds < 5 mph. MOEs decrease as field sizes increase while MOEs 25 
increase as the atmosphere becomes less stable leading to conditions where more off-target drift 26 
can occur. There is not a significant impact in the results due to the two different human 27 
equivalent concentrations (HECs) that were considered.” 28 
 29 
C.  California Regulatory History 30 
 31 
Methyl iodide is an active pesticide ingredient that is not currently registered for use in the State 32 
of California.  DPR is conducting a risk assessment to determine the necessary safe practices 33 
before registering this pesticide for pre-plant field fumigation activities.  Six, federally approved 34 
labels of different formulations of the active ingredient have been submitted for consideration in 35 
the registration process. 36 
 37 
D. Formulations 38 
 39 
At the present time, there are six methyl iodide-containing products that have been approved by 40 
U.S. EPA and are being considered for registration in California. Table 3 shows the percentage 41 
of the active ingredient (a.i.) and trade (product) names of these proposed products as of January, 42 
2008. All products contain chloropicrin, but only one uses it solely as a warning agent. A 43 
warning agent is a chemical with good warning properties, including persistent odor or irritation, 44 
that can be mixed with other chemicals to allow an average person with normal sensory 45 
perception to detect the presence of the warning agent at concentrations below which both 46 
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chemicals are toxic (NIOSH, 1987).  Chloropicrin is used as a warning agent because it causes 1 
severe eye and mucous membrane irritation at relatively low concentrations, which allows its 2 
presence to be detected at much lower concentrations than other chemicals with weaker warning 3 
properties.  Although there are no DPR regulations or policies setting a limit on the percentage of 4 
chloropicrin in a product when it is designated as a warning agent, typically it is used at a 5 
concentration of 2% or less.  U.S. EPA designates products containing more than 2% 6 
chloropicrin as restricted use pesticides (40 CFR 152.175).  Chloropicrin is also used as a pre-7 
plant soil fumigant, but this document does not address exposure to chloropicrin.  The 8 
Department of Pesticide Regulation is assessing the potential risk from exposure to chloropicrin, 9 
when used as an active ingredient, in a separate risk assessment effort.   10 
 11 
Table 3. General information for submitted products containing methyl iodide as an 12 


active ingredienta. 13 
 14 


Product 
Name 


U.S. EPA 
Registration 


# 
Company Formulation Frequency of Application 


Methyl Iodide 
Application 


Rateb 
Iodomethane 
Technical 


66330-44 Arysta 99.8% MIc 


   
Formulation use only Not applicable 


Midas® 98:2 66330-43 Arysta 98% MI, 2% 
chloropicrin  


Outdoor pre-plant soil fumigant 175 


Midas® 
50:50 


6630-57 Arysta  50% MI, 
50% chloropicrin 


Outdoor pre-plant soil fumigant 350 


Midas® EC 
Bronze 


6630-58 Arysta 49.9% MI, 44.78% 
chloropicrin 


Outdoor pre-plant soil fumigant 350 


Midas®  
33:67 


6630-59 Arysta 33% MI, 67% 
chloropicrin 


Outdoor pre-plant soil fumigant 530 


Midas® EC 
Gold 


66330-60 Arysta  33% MI, 
61.7% chloropicrin


Outdoor pre-plant soil fumigant 530  


Midas® 
25:75 


66330-42 Arysta 25% MI, 
75% chloropicrin 


Outdoor pre-plant soil fumigant 700 


a   Information derived from the U.S. EPA product labels. 15 
b Pounds of  formulation  per broadcast acre. 16 
c Methyl iodide 17 
 18 
 19 
E. Labeled Uses 20 
 21 
As methyl iodide is not yet registered in California, there are no reported current usages. The 22 
proposed usages (based on U.S. EPA approved labels) are shown in Table 4. 23 
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Table 4.  Proposed uses of methyl iodidea. 1 
 2 
Product Name Proposed Use Application Method and Equipment 
Midas®98:2 Methyl iodide pre-plant soil fumigant 


to control weed seeds, including 
broadleaf weeds such as nutsedge, 
pigweed, broomrape and lambsquarters, 
and grasses such as bermudagrass, and 
annual bluegrass. Effectiveness against 
hard seed weeds, such as mallow, 
dodder, morning glory, and certain 
leguminous weeds may be variable. 
Plant-parasitic nematodes, such as root-
knot, root lesion (meadow), cyst, citrus, 
burrowing, false root-knot, lance, 
spiral, ring, sting, stubby root, dagger, 
awl, sheath and stung (stylet) 
nematodes. Soil-borne Insects, such as 
wireworms, cutworms, grubs, 
rootworms, ants and garden 
symphylans. Soil-borne diseases, such 
as Verticillium, Pythium, Rhizoctonia, 
Phytophthora, and Fusarium. 


Fumigations with MIDAS 98:2 shall only be performed in accordance with the following three 
application techniques: 1) Raised Bed Application, 2) Broadcast/Flat Fume Application, or 3) Deep 
Injection Auger Probe Application (stone fruit, nut trees, vines, and field-grown ornamentals only). More 
specific information can be found on the label cached in Appendix I. 


Midas®50:50 Methyl iodide pre-plant soil fumigant. 
Only for pre-plant fumigations of fields 
intended for commercial production of 
listed crops and field-grown 
ornamentals, for the control of soil- 
borne pests including weed seeds, 
nematodes, insects, and diseases 


Broadcast/flat fume applications.  More specific information can be found on the label cached in 
Appendix I. 
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Table 4. Proposed uses of methyl iodide a (continued)   1 
Product Name Proposed Use Application Method and Equipment 
Midas® EC 
Bronze 
 


Methyl iodide pre-plant soil fumigant. 
Only for pre-plant fumigations of fields 
intended for commercial production of 
listed crops and field-grown 
ornamentals for the control of soil-
borne pests including weed seeds, 
nematodes, insects, and diseases   


Drip irrigation (Chemigation) and raised bed drip fumigation.  More specific information can be found 
on the label cached in Appendix I. 
 
 
 
 


Midas® 33:67 Methyl iodide pre-plant soil fumigant   
only for pre-plant fumigations of fields 
intended for commercial production of 
listed crops and field-grown 
ornamentals, for the control of soil-
borne pests including weed seeds, 
nematodes, insects, and diseases   


 1) Raised Bed Application, 2) Broadcast/Flat Fume Application, or 3) Deep Injection Auger Probe 
Application (stone fruit, nut trees, vines, and field-grown ornamental trees and shrubs only). More 
specific information can be found on the label cached in Appendix I. 


Midas® EC Gold Methyl iodide pre-plant soil fumigant  
only for pre-plant fumigations of fields 
intended for commercial production of 
listed crops and field-grown 
ornamentals, for the control of soil-
borne pests including weed seeds, 
nematodes, insects, and diseases   


Drip irrigation (Chemigation) and raised bed drip fumigation.  More specific information can be found 
on the label cached in Appendix I. 
. 


Midas® 25:75 Methyl iodide pre-plant soil fumigant  
Only for pre-plant fumigations of fields 
intended for commercial production of 
listed crops and field-grown 
ornamentals, for the control of soil-
borne pests including weed seeds, 
nematodes, insects, and diseases   


Broadcast/flat fume application and raised bed soil fumigation. More specific information can be found on 
the label cached in Appendix I. 


a Information derived from the U.S. EPA approved product labels 2 
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F. Label Precautions/Personal Protective Equipment 1 
 2 
All MI products are classified as Restricted Use Pesticides.  Due to their acute toxicity these 3 
products are in toxicity category I, and bear the signal words "Danger/Corrosive." The general 4 
precautionary statements for MI read: "Causes irreversible eye damage.  Corrosive to skin. 5 
Causes skin burns.  May be fatal if inhaled or swallowed.  Harmful if absorbed through skin.  Do 6 
not get in eyes, on skin, or on clothing.  Do not breathe vapor.  Prolonged or frequently repeated 7 
skin contact may cause allergic reactions in some individuals."  8 
 9 
The complete label precautions and prescribed personal protective equipment for the U.S. EPA-10 
registered products containing methyl iodide and chloropicrin are given in Appendix I.  11 
“Applicators and other handlers (to include tractor drivers, co-pilots, shovelers, and tarp 12 
monitors) must wear: 13 


• Loose fitting or well ventilated long-sleeved shirt and long pants. 14 
• Shoes plus socks. 15 
• Full face shield or safety glasses with brow, temple and side protection is required.  DO 16 


NOT wear goggles. 17 
• An air-purifying respirator with a 3M Brand No. 60928 cartridge filter, or equivalent 18 


(MSHA/NIOSH approved number prefix TC-23C).  For tractor drivers and co-pilots the 19 
following can be used in lieu of an air-purifying respirator. 20 


• A tractor equipped with a working-area air-fan dilution system consisting of a ducted 21 
fan/blower which provides air flow to the breathing zone of the tractor driver and co-22 
pilot.  The fan/blower must be mounted so that the fan/blower intake is 126 inches from 23 
the ground and the fan/blower must be capable of operating at a minimum of 1,600 24 
revolutions per minute and producing a minimum flow rate of 3,000 cubic feet of air per 25 
minute. 26 


Other handlers (to include planters, hole punchers, tarp cutters, tarp removers, and tarp 27 
remover drivers) must wear: 28 


• Loose fitting or well ventilated long-sleeved shirt and long pants. 29 
• Shoes plus socks. 30 


Full face shield or safety glasses with brow, temple and side protection is required.  DO NOT 31 
wear goggles.” 32 
On two of the labels (Midas 98:2 and Midas 50:50) additional respiratory protection may be required.  “A full face 33 
respirator of one of the following types if the air concentration of chloropicrin exceeds 4 PPM: (a) a supplied-air 34 
respirator (MSHA/NIOSH approved number prefix TC-19C) or (b) a self-contained breathing apparatus (SCBA) 35 
(MSHA/NIOSH approval number prefix TC-13F).” 36 
 37 
The labels provide tables for estimating 24-hour time-weighted-average buffer zones for 38 
unprotected workers and bystanders.  “…unprotected workers and bystanders do not enter the 39 
buffer zone during the 48 hours following the end of the application.  Exception: Unprotected 40 
workers and bystanders may travel through (but not engage in any activity in) the buffer zone 41 
during the 48-hour period, provided their total exposure time in any 24-hour period is 15 42 
minutes or less.  However travel by unprotected workers or bystanders through the fumigated 43 
area itself is prohibited during the entire 5-day Entry-Restricted period.  Handlers protected 44 
with Personal Protective Equipment (PPE) required for early entry into a treated area may work 45 
in buffer zones. 46 
 47 
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The buffer zone of the field to be treated cannot overlap the buffer zone of another field treated 1 
within the last 48 hours.” 2 
 3 
G. Illness Reports 4 
 5 
As methyl iodide is not yet registered in California, there are no reported illnesses from its use in 6 
the proposed manner. 7 
 8 
H. Dermal Toxicity/Sensitization 9 
 10 
Methyl iodide is a toxicity category I eye irritant, and can cause permanent damage to corneas 11 
(Bonnette, 2001b).  It is a toxicity category II skin irritant (Bonnette, 2001c), and a mild dermal 12 
sensitizer (Bonnette, 2001a). 13 
 14 
I. Pharmacokinetics 15 
 16 
Methyl iodide, technical (99.7% purity), marked with radiolabeled MI (14[C]-CH3I) was used as 17 
test substance in deionized water (oral) or air (inhalation) for pharmacokinetic studies (Sved, 18 
2002).  Male Sprague-Dawley rats, dosed orally, received a single gavage dose at 1.5 or 24 19 
mg/kg in the main test, and 1 or 35 mg/kg in the supplemental test.  Inhalation groups received 20 
single 5½-hour whole-body exposures at 25 ppm (141 mg/m3) or 233 ppm (1317 mg/m3) in the 21 
main test; and 21 ppm (119 mg/m3) or 209 ppm (1181 mg/m3) in the supplemental test.  Main 22 
test treatment groups were sub-divided into 3 groups of 4 animals each for scheduled necropsy.  23 
The first group was necropsied at 0 hr (inhalation) or 1 hr post-dosing.  The second group was 24 
necropsied at 6 hours; and the third sub-group was necropsied at 168 hours.  In the supplemental 25 
test, inhalation exposure groups were further divided into sub-groups of 3 animals.  Half the 26 
inhalation sub-groups were necropsied immediately after exposure.  The oral groups and the 27 
remaining inhalation sub-groups were necropsied 48 hours post-exposure. Expired air and urine 28 
were collected 0-6, 6-12, and 12-24 hrs post-dosing/exposure, then daily through 168 hrs.  Group 29 
mean recoveries (% of dose) following oral dosing in the main test were 82.6% and 65.4% at 1.5 30 
mg/kg and 24 mg/kg respectively.  Recovery values for the supplemental test were 104.9% and 31 
123.5% at 1 and 35 mg/kg respectively.   Inhalation exposure recoveries were 56.3% and 54.4% 32 
in the main test, and 104.8% and 91.4% in the supplemental study, at the low and high dose 33 
levels, respectively.  Carbon dioxide was the major route of elimination of radiolabeled 14C.  34 
Approximately 50-60% of the oral dose and 40-47% of the inhaled dose was eliminated as CO2 35 
in 48 hours post-treatment.  Urinary elimination accounted for 30-35% of administered dose 36 
through 168 hours post-treatment.  Fecal elimination accounted for 2%.  After oral dosing, 37 
concentrations of MI equivalents in blood peaked at 4 hours and then began to decrease. Blood 38 
levels remained relatively constant through 2 hours post inhalation exposure, and then began to 39 
decrease.  Blood concentrations were greater following inhalation exposure versus oral dosing 40 
with liver metabolism the likely mediating factor.  Tissue concentrations of MI equivalents were 41 
similar to or lower than the concentration in blood following oral dosing (except liver and GI 42 
tract) and higher than blood levels after inhalation exposure.  Major urinary metabolites (via 43 
methylation) include S-methyl glutathione and N-(methylthioacetyl) glycine.  Minor urinary  44 
metabolites were identified as methylthioacetic acid; S-methyl cysteine; and methylmercapturic 45 
acid.  Six to twelve hours post-treatment was the peak time of elimination. 46 
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 1 
J. Inhalation Uptake/Dermal Absorption 2 
 3 
The severity of systemic toxicity caused by a pesticide is directly related to the amount of the 4 
chemical that is absorbed.  In order to estimate the dose absorbed through the various routes of 5 
exposure, it is necessary to have a measure of the percent absorption for each of those routes.  In 6 
the case of the fumigant, methyl iodide, the principal routes of exposure are likely to be via 7 
inhalation and dermal absorption. 8 
 9 
Inhalation uptake:  A published study reported on the inhalation retention/absorption of methyl 10 
iodide in human subjects (Morgan and Morgan, 1967).  Eighteen human volunteers were 11 
exposed to 132[I]-methyl iodide in air under laboratory conditions.  Exposure durations for the 12 
subjects lasted 5 minutes.  Retention/absorption for the 18 subjects ranged from 53% to 92%, 13 
with a mean value of 72%.  However, the table reporting the individuals’ percent 14 
absorption/retention indicated that the values were derived from subjects breathing at different 15 
rates.  In another part of the paper, the effect of breathing rate on retention/absorption was 16 
reported for two individuals.  In one individual, a 20-fold increase in the breathing rate resulted 17 
in tidal volume falling ten-fold and the percent retention/absorption dropping from 86% to 38%.  18 
In the other individual, a 15-fold increase in the breathing rate produced a ten-fold fall in tidal 19 
volume and the percent retention absorption dropped from 92% to 45%.  Thus, the percent 20 
retention/absorption of methyl iodide for individuals at rest or at work can vary widely.  As a 21 
consequence, a default factor of 100% retention/absorption will be used (Frank, 2008).  This will 22 
probably result in overestimates of the absorbed dose of methyl iodide through the inhalation 23 
route, but there does not appear to be a means for accurately gauging the degree of 24 
overestimation.  25 
 26 
Dermal absorption:  No studies on the dermal absorption of methyl iodide vapor were 27 
submitted to DPR.  Nor were any published studies of dermal absorption found in the published 28 
literature.  However, dermal exposure to MI vapors may be an important source of absorbed dose 29 
in some exposure scenarios.  For example, illness reports in the literature for a similar fumigant, 30 
methyl bromide (Thongsinthusak and Haskell, 2002), indicated that there may be potential for 31 
significant dermal exposure of workers who wear self-contained-breathing apparatus (SCBA) in 32 
a high methyl iodide concentration environment for extended periods.  However, none of the 33 
currently proposed uses of methyl iodide are considered likely to result in human exposure to 34 
high atmospheric concentrations of MI for extended periods of time.  Examination of published 35 
articles indicates that if the dermal contribution to an absorbed dose of methyl iodide were 36 
similar to those indicated for volatile organic compounds (Riihimaki and Paffli, 1978; McDougal 37 
et al., 1985; Wieczorek, 1985; McDougal et al., 1990; Loizou et al., 1998), then dermal 38 
absorption could add as much as 1% to the total absorbed dose.  Consequently, potential 39 
exposure from dermal absorption of methyl iodide vapor will be considered in this document. 40 
 41 
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K. Environmental Fate 1 
 2 
The estimated lifetime of MI in the atmosphere at northern mid-latitudes was 6.9 days, and an 3 
average of 5.2 days at all latitudes (AER, 2000).  The lifetimes were used along with a chemical 4 
transport model to calculate an ozone depletion potential (ODP) value for MI of 0.0015.  5 
Chlorofluorocarbon (CFC11), by way of comparison, has an ODP of 1.0. 6 
 7 
An aerobic soil metabolism study was conducted using [14C]-methyl iodide at a concentration of 8 
31 µg/g in soil from Watsonville, CA at 20°C in the dark (Wujcik, 2001a).  The concentration 9 
was equivalent to that expected in a single field use of 263 kg active ingredient/hectare.  The 10 
experimental degradation/dissipation times, DT50 and DT90, were calculated to be 2.0 and 6.8 11 
hours, respectively (r2=0.98). 12 
 13 
An anaerobic aquatic metabolism study was conducted using [14C]-methyl iodide at a 14 
concentration of 13 mg/L in the water from sediment-water systems from Watsonville, CA 15 
(Wujcik, 2001b).  The concentration approximated the estimated concentration of MI in water at 16 
a depth of 200 cm following an application of 263 kg of active ingredient/hectare.  The 17 
experimental degradation/dissipation times, DT50 and DT90, were calculated to be 41.8 and 139 18 
hours, respectively (r2=0.897). 19 
 20 
Adsorption and desorption experiments were performed using a batch equilibrium method on 21 
five different soils with four concentrations of MI in 0.01M calcium chloride (McFadden and 22 
Landphair, 2001).  The common adsorption and desorption equilibration time for all five soils 23 
was 24 hours.  The sorption coefficients (Kd and Koc) from the adsorption experiment ranged 24 
from 0.4 to 1.2 mL/g and from 14 to 61 mL/g, respectively.  The sorption coefficients (Kd and 25 
Koc) from the desorption experiment ranged from 2.0 to 3.2 mL/g and from 67 to 317 mL/g, 26 
respectively.  The results of the study indicate that methyl iodide has minimal adsorption to soil. 27 
 28 
 29 


 30 
II. EXPOSURE ASSESSMENT 31 


 32 
Methyl iodide exposure estimates include those determined for applicators during preplant 33 
fumigation of soil; applicators working in a field adjacent to a previously treated field; worker 34 
bystanders (workers not directly involved in fumigation activities, but work in the nearby fields); 35 
other bystanders can include persons who live or spend time adjacent to fumigated fields, and 36 
persons who live in nearby communities with the potential to be exposed to ambient air levels of 37 
methyl iodide.  The potential exposure scenarios associated with the use of the various registered 38 
formulations were summarized earlier in Table 2. 39 
 40 
A series of studies were submitted by the registrant that detailed air concentrations of methyl 41 
iodide that workers might be exposed to during the application process.  These data can be used 42 
to estimate occupational exposures.  Other studies examined air concentrations of MI at various 43 
distances from the fields where it was applied using different application techniques.  These data 44 
can be used to estimate bystander exposures. 45 
 46 
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A. Occupational Exposure Studies 1 
 2 
Tarped/raised-bed/shank injection.  A worker/applicator exposure study was conducted near 3 
Guadalupe on the central California coast (Baker et al., 2004a).  Monitored meteorological 4 
conditions indicated no rainfall during the period of the study, with an average air temperature 5 
ranging from 14.8°C to 17.1°C.  Each day, from 11:00 AM until 8:00 PM an onshore breeze 6 
increased hourly wind velocity from less than 1 meter (m)/second (s) (approximately 2.24 mph) 7 
to up to a maximum of 20 m/s.  The methyl iodide application was via tarpaulin (standard 8 
polyethylene tarp, 1.5 mil) covered/raised-bed/shallow shank injection (10-inch depth).  Metal 9 
shanks were used to inject the pre-plant fumigant into prepared, raised-bed soil. A plastic tarp, 10 
extruded via machine, was used to immediately cover the soil to retard the fumigant escaping the 11 
soil.  Methyl iodide (99.7% purity) was applied to a 2.5 acre plot at an measured rate of 178.5 lbs 12 
of active ingredient (a.i.)/treated acre; although the label for the product used in the study 13 
allowed a maximum of 235 lbs a.i./treated acre.  The effective broadcast rate (including area 14 
between raised beds) was 143.2 lbs a.i./acre.  The test was on bare ground, and the test subjects 15 
were workers involved in applying methyl iodide (driver, 1st shoveler, 2nd shoveler, 1st tarp 16 
monitor, 2nd tarp monitor), or conducting subsequent tasks (hole puncher at 5 days after 17 
application; 1st and 2nd planters at 7 days after application).  One of the tarp monitors rode the 18 
sled, ensuring the plastic rolled out properly, while the second monitor walked along the side, or 19 
rode on the rear of the sled, checking the seal of the plastic (Figure 1- Photograph, used with 20 
permission of Arysta, was taken during the study.). 21 
 22 
Workers wore long sleeved coveralls, or equivalent (long-sleeved shirt, long pants), socks, and 23 
non-rubber boots.  Workers were each fitted with 2 air sample tubes (SKC 226-09 with Anasorb® 24 
coconut charcoal and a flow rate of 50 mL/min), and duplicate sets of data (with a couple of 25 
glitches when one or two air pumps stopped for a few minutes) were obtained from each worker.  26 
Two SKC Model 224-44XR personal air sampling pumps, equipped with adjustable low flow 27 
rate, were placed on each worker’s belt.  Tygon tubing attached the pumps to the air sampling 28 
tubes, which were clipped to the lapel, near the worker’s breathing zone.  Sampling tubes were 29 
divided into two portions, with approximately 400 mg of charcoal in the front portion and 200 30 
mg in the back portion.  Both the front and back portions were analyzed separately to determine 31 
if all of the methyl iodide was trapped in the front portion.  The presence of MI in the rear 32 
section in amounts greater than 10% of the total would indicate “breakthrough” and the amount 33 
of MI measured in the sample would be considered indeterminate (Huey, 2002).  The amount of 34 
breakthrough did not exceed 10% of the total, which is considered acceptable (Huey, 2002), in 35 
any sample in this study or in any subsequent study.  Consequently, the residues measured in the 36 
rear portions were added to those of the front portions in each study.  Air samples were collected 37 
for each worker during the work task.  Tractor drivers and shovelers worked 8-8.5 hours.  Holes 38 
were punched in the polyethylene tarpaulin 5 days after application using a tractor-mounted 39 
device.  The hole puncher (driver of the tractor) was monitored for 138 minutes.  Two workers 40 
planted strawberries 7 days after application, and were monitored for 302 minutes. 41 
 42 
 43 
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Figure 1.  Tarp monitors and tractor driver performing tasks associated with tarped/raised 1 
bed/shank injection of methyl iodidea.  2 


 


 3 
a  Photograph, used with permission of Arysta, was taken during an exposure monitoring study.  4 
 5 
 6 
One shoveler was positioned at each end of the field to cut the plastic off and seal the end with 7 
soil, repair tears with tape, and apply additional soil if areas had been inadequately sealed  8 
(Figure 2 - Photograph, used with permission of Arysta, was taken during the study.).   9 
 10 
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Figure 2.  Shovelers working at tasks associated with tarped/raised bed/shank injection of 1 
methyl iodidea.  2 


 3 
a  Photograph, used with permission of Arysta, was taken during an exposure monitoring study. 4 
 5 
 6 
Sample tubes were in frozen storage a maximum of five days from collection until extraction.  7 
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7, 8 
70 or 700 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of 9 
75%, 79%, and 81%, respectively.  The field spike recoveries in the range of concentrations 10 
encountered by workers were used to correct sample results.  Field spike recoveries were 11 
different in each of the studies.  All analytical samples collected from handlers were corrected 12 
for trapping efficiencies of 79% for handlers (medium air concentrations), and 75% for re-entry 13 
workers (low air concentrations).  Little or no breakthrough of methyl iodide residues into the 14 
back-end charcoal of air sample tubes occurred.  Residues of methyl iodide were desorbed from 15 
the charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture 16 
detector.  The limit of quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2-hour 17 
trapping in a collection tube was approximately 0.56 μg/L.     18 
 19 
Quantitation limits arise from two distinct needs (Helsel, 2005).  First, a threshold needs to be 20 
established above which reliable single numbers can be reported.  These are generally computed 21 
at about 10 times the standard deviation of a low standard such as the one used to define the 22 
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method detection limit.  A concentration 10 times the background variability is considered large 1 
enough by most chemists that a single number might be comfortably reported.  The result is a 2 
threshold that is a little over 3 times the value of the detection limit. 3 
 4 
Second, a threshold is established that protects against false negatives.  A false negative occurs 5 
when a measurement whose true concentration is at or above the detection limit is not reported. 6 
 7 
The monitored air concentrations from the breathing zones of the workers involved in this study 8 
are given in Table 5.  The conversion of an air concentration expressed in µg/L to an expression 9 
in ppm is done using the following equation: 10 
 11 
Equation 1.  Calculation of methyl iodide air concentration (ppm). 12 
 13 


Methyl Iodide (ppm) =
μg x 24.45 


= 
μg x 0.1722 


  VS x 141.95  VS 


where,  14 


VS is the volume of the sample in liters (one mole of methyl iodide occupies 15 
24.45 liters at 25°C, and molecular weight of 141.95 g/mole). 16 


 17 
 18 
 19 
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Table 5. Measured worker body weights, air volumes collected, and amounts of methyl 1 
iodide associated with work tasks involving pre-plant field fumigation via 2 
tarpaulin covered/raised-bed/shallow shank injection in Guadalupe. 3 


 4 
Work Task Body Weight 


[kg] 
Average Total 


Volumea 
[L] 


Methyl 
Iodide 
(MI) 
[µg]b 


MI Air 
Concentration 


[µg/L] 
(ppm)c 


Tractor Driver 98 25.8 7.88d 0.31 
(0.05) 


1st Shoveler 47 25.1 5.39d 0.21 
(0.04) 


2nd Shoveler 102 25.6 12.29d 0.48 
(0.08) 


1st Tarp Monitor 94 25.3 3.29d 0.13 
(0.02) 


2nd Tarp Monitor 86 25.4 21.84d 0.86 
(0.15) 


Hole Puncher 86 6.8 0.04e 0.01 
(0.001) 


1st Planter 86 14.9 0.14e 0.01 
(0.002) 


2nd Planter 47 14.9 0.09e 0.01 
(0.001) 


a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 5 
b Average amount of  methyl iodide trapped in the two collection tubes during the collection period.    6 


Concentration is calculated by dividing the amount MI collected by the total volume to pass through the 7 
collection tube. 8 


c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 9 
d Corrected for 79% trapping efficiency. 10 
e Corrected for 75% trapping efficiency. 11 
 12 
 13 
Tarped/raised-bed/shank injection.  A worker/applicator exposure study was conducted near 14 
Oxnard on the southern California coast (Baker et al., 2003e).  Monitored meteorological 15 
conditions indicated no rainfall during the period of the study, with an average air temperature 16 
ranging from 5°C to 22°C.  The onshore breeze had an average hourly wind velocity varying 17 
between 2.4 and 5.7 m/s.  The methyl iodide application was via tarpaulin (polyethylene, 1.5 mil) 18 
covered/raised-bed/shallow shank injection (two shanks, 16 inches apart, approximately 6 inches 19 
deep).  Methyl iodide (99.7% purity) was applied to a 2.5 acre plot at a measured rate of 224.5 20 
lbs a.i./treated acre; although the label for the product used in the study allowed a maximum of 21 
235 lbs a.i./treated acre.  The test was on bare ground, and the test subjects were workers 22 
involved in applying methyl iodide (driver, 1st shoveler, 2nd shoveler, 1st tarp monitor, 2nd tarp 23 
monitor), or conducting subsequent tasks (hole puncher at 5 days after application; 1st and 2nd 24 
planters at 7 days after application).  The driver operated the tractor while the 1st tarp monitor sat 25 
in the shank injector seat.  The 2nd tarp monitor walked along in the furrow to check the flow of 26 
the test substance and the seal of the plastic tarp.  He added soil to the sides of the plastic on 27 
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occasion.  At the end of the pass, the 2nd tarp monitor helped the shoveler seal the end of the bed 1 
with soil.  The shovelers were positioned at either end of the plot.  The shovelers cut the tarp at 2 
the end of each pass, using the shovel, and then shoveled soil onto the ends of the tarp.   Excess 3 
tarp was rolled up by the shovelers and removed from the plot.  Workers wore long sleeved 4 
coveralls, or equivalent (long-sleeved shirt, long pants), socks, and non-rubber boots.   5 
 6 
This study reported a situation that does not usually occur, but it is a situation that a pesticide 7 
handler may encounter during fumigation activities.  The driver conducted two maintenance 8 
tasks during application, and these tasks required breach of the rig’s closed application system.  9 
The 2nd tarp monitor was responsible for observing that the test substance delivery system was 10 
functioning correctly, and he walked on the plot alongside the rig during the entire application 11 
procedure.  In addition, he performed as a shoveler at the ends of the row while the rig raised the 12 
shanks from the ground and made a 180° turn.  Some of the test substance dripped from the 13 
shanks of the rig at the end of each pass during the turn-around procedure in the early portion of 14 
the application.   15 
 16 
Workers were each fitted with 2 air sample tubes (SKC 226-09 with Anasorb® coconut charcoal 17 
and a flow rate of 50 mL/min), and duplicate sets of data were obtained from each worker.  Air 18 
samples were collected for each worker during the work task.  Tractor drivers and shovelers 19 
worked 411 minutes.  Holes were punched in the polyethylene tarpaulin (5 days after 20 
application) using a tractor-mounted device.  The hole puncher (driver of the tractor) was 21 
monitored for 192 minutes.  Two workers planted strawberries (7 days after application), and 22 
were monitored for 326 minutes. 23 
 24 
Sample tubes were in frozen storage a maximum of five days from collection until extraction.  25 
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.4, 26 
43 or 422 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of 27 
53%, 81%, and 79%, respectively.  All analytical samples collected from handlers in this study 28 
were corrected for trapping efficiencies of 81% (medium air concentrations).  Analytical samples 29 
collected for re-entry workers were corrected for a trapping efficiency of 53% (low air 30 
concentrations).  Residues of methyl iodide were desorbed from the charcoal with ethyl acetate, 31 
and quantified by gas chromatography using an electron-capture detector.  The limit of 32 
quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2 hours trapping in a 33 
collection tube was approximately 0.10 µg/L.     34 
 35 
The monitored air concentrations from the breathing zones of the workers involved in this study 36 
are given in Table 6. 37 
 38 
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Table 6. Measured worker body weights, air volumes collected, and amounts of methyl 1 
iodide associated with work tasks involving pre-plant field fumigation via 2 
tarpaulin covered/raised-bed/shallow shank injection in Oxnard. 3 


 4 
Work Task Body Weight 


[kg] 
Average Total 


Volumea 
[L] 


Methyl 
Iodide 
(MI) 
[µg]b 


MI Air 
Concentration 


[µg/L] 
(ppm)c 


Tractor Driver 77 21.2 116d 5.47 
(0.94) 


1st Shoveler 86 21.6 54.4d 2.52 
(0.43) 


2nd Shoveler 95 21.4 92.3d 4.32 
(0.74) 


1st Tarp Monitor 91 21.0 73.8d 3.52 
(0.60) 


2nd Tarp Monitor 60 20.1 119.3d 5.94 
(1.02) 


Hole Puncher 95 9.7 5.8e 0.60 
(0.10) 


1st Planter 86 16.1 0.5e 0.03 
(0.005) 


2nd Planter 85 16.5 0.5e 0.03 
(0.005) 


a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 5 
b Average amount of  methyl iodide trapped in the two collection tubes during the collection period.  6 


Concentration is calculated by dividing the amount MI collected by the total volume to pass through the 7 
collection tube. 8 


c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 9 
d Corrected for 81% trapping efficiency. 10 
e Corrected for 53% trapping efficiency.  11 
 12 
 13 
Tarped/flat-fume/shank injection.  A worker/applicator exposure study was conducted near 14 
Manteca in the San Joaquin Valley,  California (Baker et al., 2001b).  Monitored meteorological 15 
conditions indicated no rainfall during the period of the study, with average air temperatures 16 
ranging from 12°C to 25°C.  Hourly wind velocity ranged from 0.9 m/s to up to a maximum of 4 17 
m/s from the northwest.  The application of methyl iodide was via broadcast, flat fume, shallow 18 
shank (approximately 11 inches) injection.  Methyl iodide (99.7% purity) was applied to a 2.5 19 
acre plot at a measured rate of 242 lbs a.i./treated acre although the label for the product used in 20 
the study allows a maximum of 235 lbs. a.i./treated acre.  The test was on bare ground soil, and 21 
the test subjects were workers involved in applying methyl iodide (driver, driver’s assistant, 1st 22 
shoveler, 2nd shoveler, 1st tarp monitor, 2nd tarp monitor), or conducting subsequent tasks (tarp 23 
cutter, tarp remover, and tarp remover driver 5 days after application; and a planter at 7 days 24 
after application).  The driver and the driver’s assistant, loaded cylinders and tarp rolls onto the 25 
application equipment.  The driver’s assistant stood on the side platform.  The ventilation fan 26 
was on continuously during application.  At the end of the pass, the driver’s assistant stepped off 27 
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the platform, cut the tarp, and assisted the shoveler with burying the tarp.  Once the tarp was 1 
buried, the driver’s assistant mounted the platform and continued with the application.  The 2 
shovelers were positioned at the opposite ends of the plot.  Workers wore long-sleeved coveralls, 3 
or equivalent (long-sleeved shirt, long pants), socks, and non-rubber boots.  Workers were each 4 
fitted with 2 air sample tubes (SKC 226-09 with Anasorb® coconut charcoal and a flow rate of 5 
50 mL/min), and duplicate sets of data were obtained from each worker.  Air samples were 6 
collected for each worker during the work task.  The tractor driver and his assistant worked 215 7 
minutes.  The shovelers worked 187 minutes.  The tarp cutter was monitored for 68 minutes.  8 
The tarp remover and the tarp remover driver were monitored for 353 minutes.  The planter of 9 
strawberries (7 days after application) was monitored for 65 minutes. 10 
 11 
Sample tubes were in frozen storage a maximum of five days from collection until extraction.  12 
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 13 
0.65, 62 or 643 ppb through collection tubes for 1 hour at 50mL/minute, indicated field 14 
recoveries of 66%, 66%, and 70%, respectively.  In addition, field trapping efficiency levels 15 
were examined at 18-22 ppb under day and night conditions.  During daytime, approximately 16 
60% of the theoretical level was recovered in these low-level samples.  All analytical samples 17 
collected from workers in this study were corrected for a trapping efficiency of 66%.  Residues 18 
of methyl iodide were desorbed from the charcoal with ethyl acetate, and quantified by gas 19 
chromatography using an electron-capture detector.  The limit of quantitation (LOQ) for a flow 20 
rate of 50 mL/minute and duration of 2 hours trapping in a collection tube was approximately 21 
0.56 µg/L.  The monitored air concentrations from the breathing zones of the workers involved 22 
in this study are given in Table 7. 23 
 24 
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Table 7. Measured worker body weights, air volumes collected, and amounts of methyl 1 
iodide associated with work tasks involving pre-plant field fumigation via 2 
tarpaulin covered/flat fume/shallow shank injection in Manteca. 3 


 4 
Work Task Body Weight 


[kg] 
Average Total 


Volumea 
[L] 


Methyl 
Iodide 
(MI)b 
[µg] 


MI Air 
Concentration


[µg/L] 
(ppm)c 


Tractor Driver 77 10.9 1.08d 0.10 
(0.02) 


Driver’s Assistant 91 10.9 6.92 d 0.64 
(0.11) 


1st Shoveler 86 9.4 5.30 d 0.56 
(0.10) 


2nd Shoveler 80 9.4 1.07 d 0.11 
(0.02) 


Tarp Cutter 95 3.4 0.10 d 0.03 
(0.005) 


Tarp Remover 75 18.0 1.16 d 0.06 
(0.01) 


Tarp Remover Driver 105 18.1 2.14 d 0.12 
(0.02) 


Planter 80 3.2 0.11 d 0.03 
(0.006) 


a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 5 
b Average amount of  methyl iodide trapped in the two collection tubes during the collection period.    6 


Concentration is calculated by dividing the amount MI collected by the total volume to pass through the 7 
collection tube. 8 


c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 9 
d Corrected for 66% trapping efficiency. 10 
  11 
 12 
 13 
Tarped/raised-bed/drip irrigation.  A worker/applicator exposure study was conducted near 14 
Camarillo on the southern California coast (Baker, 2004).  Monitored meteorological conditions 15 
indicated no rainfall during the period of the study, with an average temperature of 16.7°C.  Each 16 
day, from 10:00 AM until 6:00 PM an onshore breeze increased in wind velocity from an hourly 17 
average of less than 1 m/s to up to a maximum of 13 m/s.  The application of methyl iodide was 18 
via tarpaulin covered/raised-bed/drip irrigation.  This method entails the laying down of plastic 19 
irrigation lines in the prepared raised-bed soil.  The raised-bed is then covered with plastic 20 
tarpaulin.  Methyl iodide (99.7% purity) was applied to a 2.5 acre plot at a measured rate of 21 
175.4 lbs/treated acre (broadcast rate of 118.8 lb/acre). (Figure 3- Photograph, used with 22 
permission of Arysta, was taken during the study.)  Water flow into the drip lines was monitored 23 
using a water meter.  The test was on bare ground soil, and the test subjects were workers 24 
involved in applying methyl iodide (1st applicator, 2nd applicator), or conducting subsequent 25 
tasks (hole puncher at 5 days after application; 1st and 2nd planters at 7 days after application).  26 
Workers wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants), socks, and 27 
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non-rubber boots.  Workers were each fitted with 2 air sample tubes (SKC 226-09 with 1 
Anasorb® coconut charcoal and a flow rate of 50 mL/min), and duplicate sets of data were 2 
obtained from each worker.  Air samples were collected for each worker during the work task.   3 
 4 
Figure 3.  Activities associated with application of methyl iodide through drip irrigation in 5 


prepared, tarped/raised bed soila.  6 
 7 


 8 
a  Photograph, used with permission of Arysta, was taken during the exposure monitoring study. 9 
 10 
Applicators walked the plot checking for leaks, repairing tarp holes, laying tarp over areas in 11 
which irrigation liquid accumulated in the burrows, or repairing drip tape.  Applicators were 12 
monitored for 276 minutes.  Holes were punched in the polyethylene tarpaulin (5 days after 13 
application) using a tractor-mounted device.  The hole puncher (driver of the tractor) was 14 
monitored for 196 minutes.  Two workers planted strawberries (7 days after application), and 15 
were monitored for 360 minutes. 16 
 17 
Sample tubes were in frozen storage a maximum of five days from collection until extraction.  18 
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7, 19 
70 or 700 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of 20 
70%, 72%, and 76%, respectively.  All analytical samples collected from handlers in this study 21 
were corrected for trapping efficiencies of 72% (medium air concentrations), and 70% (low air 22 
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concentrations) for re-entry workers.  Residues of methyl iodide were desorbed from the 1 
charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture 2 
detector.  The limit of quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2 3 
hours trapping in a collection tube was approximately 0.17 µg/L.  The monitored air 4 
concentrations from the breathing zones of the workers involved in this study are given in Table 5 
8. 6 
 7 
Table 8. Measured worker body weights, air volumes collected, and amounts of methyl 8 


iodide associated with work tasks involving pre-plant field fumigation via 9 
tarpaulin covered/raised-bed/drip irrigation in Camarillo. 10 


 11 
Work Task Body Weight


[kg] 
Average Total 


Volumea 
[L] 


Methyl 
Iodide 
(MI) 
[µg]b 


MI Air 
Concentration 


[µg/L] 
(ppm)c 


1st Applicator 91 13.8 4.51d 0.33 
(0.06) 


2nd Applicator 100 14.0           10.29d 0.74 
(0.13) 


Hole Puncher 100 10.0 0.20e 0.02 
(0.003) 


1st Planter 91 17.9 0.06e 0.003 
(0.0006) 


2nd Planter 100 18.1 0.05e 0.003 
(0.0005) 


a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 12 
b Average amount of  methyl iodide trapped in the two collection tubes during the collection period.    13 


Concentration is calculated by dividing the amount MI collected by the total volume to pass through the 14 
collection tube. 15 


c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 16 
d Corrected for 72% trapping efficiency. 17 
e Corrected for 70% trapping efficiency.  18 
 19 
 20 
Tarped/raised-bed/drip irrigation.  A worker/applicator exposure study was conducted near La 21 
Selva Beach on the northern California coast (Baker et al., 2003d).  Monitored meteorological 22 
conditions indicated no rainfall during the period of the study, with an average temperature 23 
ranging from 16.1 to 18.2°C.  Wind velocity averaged 2.8 m/s hourly.  The application of methyl 24 
iodide was via tarpaulin covered/raised-bed/drip irrigation.  Methyl iodide (99.7% purity) was 25 
applied to a 2.5-acre plot at a measured rate of 234.3 lbs a.i./acre (the broadcast rate was 162.2 lb 26 
a.i./acre).  The test was on bare ground soil, and the test subjects were workers involved in 27 
applying methyl iodide (1st applicator, 2nd applicator), or conducting subsequent tasks (hole 28 
puncher at 5 days after application; 1st and 2nd planters at 7 days after application).  Workers 29 
wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants), socks, and non-rubber 30 
boots.  Workers were each fitted with 2 air sample tubes (SKC 226-09 with Anasorb® coconut 31 
charcoal and a flow rate of 50 mL/min), and duplicate sets of data (with a couple of glitches in 32 
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the pumps that did not affect the results) were obtained from each worker.  Air samples were 1 
collected for each worker during the work task.   2 
 3 
Applicators walked the plot checking for leaks, repairing tarp holes, and laying tarp over areas in 4 
which irrigation liquid accumulated in the burrows or repairing drip tape.  Applicators were 5 
monitored for 377 minutes.  Holes were punched in the polyethylene tarpaulin (5 days after 6 
application) using a tractor-mounted device.  The hole puncher (driver of the tractor) was 7 
monitored for 186 minutes.  Two workers planted strawberries (7 days after application), and 8 
were monitored for 262 minutes. 9 
 10 
Sample tubes were in frozen storage a maximum of five days from collection until extraction.  11 
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7, 12 
71 or 706 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of 13 
68.5, 75, and 75%, respectively.  All analytical samples collected from handlers in this study 14 
were corrected for trapping efficiencies of 75% (medium air concentrations), and 69% (low air 15 
concentrations) for re-entry workers.  Residues of methyl iodide were desorbed from the 16 
charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture 17 
detector.  The limit of quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2 18 
hours trapping in a collection tube was approximately 0.17 µg/L.  The monitored air 19 
concentrations from the breathing zones of the workers in this study are given in Table 9. 20 
 21 
Table 9. Measured worker body weights, air volumes collected, and amounts of methyl 22 


iodide associated with work tasks involving pre-plant field fumigation via 23 
tarpaulin covered/raised-bed/drip irrigation in La Selva Beach. 24 


 25 
Work Task Body Weight


[kg] 
Average Total 


Volumea 
[L] 


Methyl 
Iodide 
(MI) 
[µg]b 


MI Air 
Concentration 


[µg/L] 
(ppm)c 


1st Applicator 91 19.0 7.9d 0.42 
(0.07) 


2nd Applicator 99 18.9             11.1d 0.59 
(0.10) 


Hole Puncher 99 9.4 0.66e 0.07 
(0.01) 


1st Planter 99 13.5 0.01e 0.001 
(0.0001) 


2nd Planter 82 13.2 0.04e 0.003 
(0.0005) 


a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 26 
b Average amount of  methyl iodide trapped in the two collection tubes during the collection period.    27 


Concentration is calculated by dividing the amount MI collected by the total volume to pass through the 28 
collection tube. 29 


c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 30 
d Corrected for 75% trapping efficiency. 31 
e  Corrected for 69% trapping efficiency. 32 
 33 
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 1 
Tarped/raised-bed/drip irrigation.  A worker/applicator exposure study was conducted near 2 
Guadalupe on the central California coast (Baker et al., 2005a).  Monitored meteorological 3 
conditions indicated no rainfall during the period of the study, with an average temperature 4 
ranging from 12.5 to 22.2°C.  Average hourly wind velocity ranged from 0.2 m/s to 7.1 m/s.  The 5 
application of methyl iodide was via tarpaulin covered/raised-bed/drip irrigation.  Methyl iodide 6 
(99.7% purity) was applied to a 2.5-acre plot at a measured rate of 173.8 lbs a.i./treated acre (the 7 
broadcast rate was 139 lb a.i./acre).  The test was on bare ground soil, and the test subjects were 8 
workers involved in applying methyl iodide (1st applicator, 2nd applicator), or conducting 9 
subsequent tasks (hole puncher at 5 days after application; 1st and 2nd planters at 7 days after 10 
application).  Workers wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants), 11 
socks, and non-rubber boots.  Workers were each fitted with 2 air sample tubes (SKC 226-09 12 
with Anasorb® coconut charcoal and a flow rate of 50 mL/min), and duplicate sets of data were 13 
obtained from each worker.  Air samples were collected for each worker during the work task.   14 
 15 
Applicators walked the plot checking for leaks, repairing tarp holes, and laying tarp over areas in 16 
which irrigation liquid accumulated in the burrows or repairing drip tape.  Applicators were 17 
monitored for 298 minutes.  Holes were punched in the polyethylene tarpaulin (5 days after 18 
application) using a tractor-mounted device.  The hole puncher (driver of the tractor) was 19 
monitored for 134 minutes.  Two workers planted strawberries (7 days after application), and 20 
were monitored for 310 minutes. 21 
 22 
Sample tubes were in frozen storage a maximum of five days from collection until extraction.  23 
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7, 24 
70 or 700 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of 25 
37, 65, and 73%, respectively.  All analytical samples collected from handlers in this study were 26 
corrected for trapping efficiencies of 65% (medium air concentrations), and 37% (low air 27 
concentrations) for re-entry workers.  Residues of methyl iodide were desorbed from the 28 
charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture 29 
detector.  The limit of quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2 30 
hours trapping in a collection tube was approximately 0.19 µg/L.  It should be noted that the 31 
recoveries from the field spikes at the low and medium concentrations were abnormally low, 32 
calling into question the values attributed to the worker samples.  Because of the small number 33 
of replicates for each work task, though, it was decided to use the sample values in order to get 34 
enough replicates to be able to estimate an upper-bound of these handler exposures.  The upward 35 
adjustment of the measured air concentrations of MI tends to be a health protective measure.  36 
The monitored air concentrations from the breathing zones of the workers involved in this study 37 
are given in Table 10. 38 
 39 
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Table 10. Measured worker body weights, air volumes collected, and amounts of methyl 1 
iodide associated with work tasks involving pre-plant field fumigation via 2 
tarpaulin covered/raised-bed/drip irrigation in Guadalupe. 3 


 4 
Work Task Body Weight


[kg] 
Average Total 


Volumea 
[L] 


Methyl 
Iodide 
(MI) 
[µg]b 


MI Air 
Concentration 


[µg/L] 
(ppm)c 


1st Applicator 94 14.9 19.2d 1.3 
(0.22) 


2nd Applicator 100 14.8           12.5d 0.85 
(0.15) 


Hole Puncher 125 6.7 0.58e 0.09 
(0.01) 


1st Planter 90 15.7 0.39e 0.02 
(0.004) 


2nd Planter 97 15.4 0.34e 0.02 
(0.004) 


a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 5 
b Average amount of  methyl iodide trapped in the two collection tubes during the collection period.    6 


Concentration is calculated by dividing the amount MI collected by the total volume to pass through the 7 
collection tube. 8 


c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 9 
d Corrected for 65% trapping efficiency. 10 
e Corrected for 37% trapping efficiency.  11 
 12 
 13 
Treatment of Study data:  DPR has a policy of using an upper-bound of work-task exposure to 14 
represent potential acute exposures (Frank, 2009).  Although six occupational exposure studies 15 
were conducted (see above), the number of individuals engaged in each of the various work tasks 16 
was not sufficient, in some instances, to allow calculations of an upper-bound or averages of the 17 
data.  Consequently, it was necessary to group workers engaged in similar activities to obtain a 18 
statistically relevant number of sampled individuals for estimating acute and longer term 19 
exposures associated with the various work tasks.   The applicators (and co-pilots) in the shank 20 
injection studies, whether doing applications of methyl iodide to raised-beds or flat fields, had 21 
similar work activities and used the same application rates per treated acre.  Consequently, these 22 
applicators were considered to have the same work tasks.  Engineering controls were used in the 23 
Manteca study, and those controls, according to the labels, produce a 10-fold reduction in driver 24 
exposure.  The exposures of the applicators in the Manteca study were adjusted upward to match 25 
those of the applicators in the other studies that were conducted without additional PPE.  26 
Shovelmen and shovelers were grouped; tarp cutters and hole punchers were combined; and 27 
planters, whether associated with raised-bed or flat-fume shank injections, had similar activities.  28 
Tarpaulin removers (driving tractors - Table 7) were grouped with the tarp cutters (Table 7) and 29 
hole punchers (Tables 5, 6), as they were all in the fields 5 days after the fields had been treated, 30 
and were engaged in activities related to the tarp covers.  The various work tasks associated with 31 
drip irrigation has adequate numbers of individual workers for statistical analysis of the data.   32 
 33 
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As each pesticide handler was wearing the PPE prescribed by the label, all of the reported 1 
exposures were included in the analyses.  Even though application equipment associated with 2 
shallow shank injections malfunctioned in one instance, it was assumed that the event was a  3 
normal part of their responsibilities/activities. Consequently, the handler exposures associated 4 
with this event are included. 5 
 6 
WHS supports the U.S. EPA position that the distributions of environmental exposures tend to be 7 
lognormal (USEPA, 1992b).  Even though the data are chemical specific, there are few replicates 8 
for each job category on which to base the estimated exposures.   In calculating acute exposures, 9 
DPR uses an upper-bound estimate of the measured air concentrations (Frank, 2009).  By 10 
convention, the upper-bound used is a point estimate of the 95th percentile of a lognormal 11 
distribution of MI concentrations as calculated by the following expression: 12 
 13 


( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦
g  14 


Where: μ̂ = the arithmetic mean of the natural logs of the values 15 
 Z(0.95 = the standard normal deviate such that 95% of the distribution is less than that 16 


value 17 
 σ̂ = the standard deviation of the natural logs of the values  18 
 19 
The calculations are shown in Appendix II. 20 
  21 
It was assumed that all workers would be exposed for a full, 8-hour workday.  The arithmetic 22 
mean, 8-hour air concentrations of MI for each of the task categories was used to represent 23 
seasonal exposures for these workers.  As methyl iodide is not yet registered in California, the 24 
annual use pattern is unknown.  Since MI will be used in pre-plant soil fumigation activities 25 
similar to those associated with the chemical it is proposed to replace (methyl bromide), the MB 26 
use pattern was used as a surrogate.  The annual use of methyl bromide in Monterey County (the 27 
county with 90% of the pre-plant fumigation use) was plotted for 5 years (Figure 4).  28 
Examination of this use pattern indicates an annual 3-month period of high application rates, 29 
principally on strawberries.  Consequently, a similar use pattern will be assumed for methyl 30 
iodide.   31 
 32 
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Figure 4. Annual monthly use of methyl bromide in pounds during pre-plant field 1 
fumigation in Monterey County for the years 2000 through 2004. 2 
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 5 
Absorbed Dose 6 
 7 
Inhalation Route.  The preceding studies provided calculated air concentrations of methyl 8 
iodide in the breathing zone of applicators and re-entry workers.  The application rates used in the 9 
studies were different than the maximum application rate on the proposed labels.  DPR adjusted the 10 
exposures to reflect the maximum application rate.  In order to estimate the absorbed dose a worker 11 
would experience for each job task through the inhalation route, it is necessary to use default 12 
inhalation factors (Andrews and Patterson, 2000) in the following equations. 13 
 14 
Equation 2:  Absorbed dose inhaled (ADi), average: 15 


ADi = Cmi  x  IR  x  (1-PF)  x  AF 16 
 where,   Cmi = methyl iodide air concentration (µg/L) 17 
   IR = inhalation rate (L/hr) during activity (833L/hr; Andrews 18 
    and Patterson, 2000) 19 
   PF = protection factor, 0.9 for respiratory protection 20 
   AF = absorption factor (100%) 21 
 22 
Equation 3:  Absorbed daily dosage (ADD), average: 23 
   ADD =  ADi  x  daily duration (hr/day) / body weight (kg) 24 
 25 
 where, ADi, =  Absorbed dose inhaled (calculated in Equation 2) 26 
  daily duration is 8 hr. 27 
 28 
 29 
An annual absorbed daily dose may be generated by amortizing the seasonal absorbed daily dose 30 
over the course of a year.  The estimated acute, seasonal, and annual exposures of workers 31 
through the inhalation route are summarized in Table 11.   32 
 33 
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 1 
Dermal Route.  As noted earlier, there were no studies that provided an estimate of the amount 2 
of MI that could be absorbed dermally from measured air concentrations.  Although the amount 3 
absorbed through the skin is likely to be substantially less than the amount retained/absorbed 4 
through the lungs, to be health protective there should be some indication of the significance of 5 
the dermal contribution.  Examination of the literature suggests a possible approach to obtaining 6 
a theoretical estimate of dermal absorption of MI.  In general, the permeability of a chemical 7 
through skin is related to the chemical’s partitioning into air, blood, and lipids (McDougal et al., 8 
1990; USEPA, 1992a).  Mattie et al. (Mattie et al., 1994) determined skin-air partition 9 
coefficients for several volatile organic chemicals in an in vitro study using clipped, whole-10 
thickness rat skin, and compared these partition coefficients with octanol-water partition 11 
coefficients reported by Leo et al. (Leo et al., 1971), and rat skin permeability reported by 12 
McDougal et al. (McDougal et al., 1985; McDougal et al., 1986; McDougal et al., 1990).  Mattie 13 
et al. (Mattie et al., 1994) found that skin-air partition coefficients correlated well with skin 14 
permeability (r2 = 0.93), but that octanol-water partition coefficients did not (r2 = 0.09).  In its 15 
guidance for estimating dermal exposure, U.S. EPA (USEPA, 1992a) suggests that the fat/air 16 
partition coefficient for an airborne chemical may be used to estimate skin permeability.  The 17 
formula, suggested by U.S. EPA, to make that estimate is as follows: 18 
 19 


Kp(est) =  (Kf/a x 0.00049) – 0.0385 20 
 21 
 Where: Kp(est) = the estimated skin permeability coefficient  22 
   Kf/a    = the fat/air partition coefficient 23 
 24 
In the case of methyl iodide, the measured Kf/a in rats is 88.8+2.3 (Gannon, 2004).  Thus, 25 
substituting 88.8 for Kf/a in the above formula yields an estimated Kp of 0.005 cm/hr.  Dermal 26 
absorption of methyl iodide may then be estimated using dermal permeability coefficients, based 27 
on Fick’s first law (McDougal et al., 1990): 28 
 29 
Dermal intake = Kp x Concexposure x Areaskin x timeexposure 30 
 31 
Where:                Kp   =  measured or calculated skin permeability coefficient (cm/hr) 32 
   Concexposure   =  concentration of the chemical in air (µg/m3)  33 
    Areaskin        =  area of skin exposed (cm2) 34 
               timeexposure   =  duration of exposure period (hr) 35 
 36 
 37 
As indicated in Table 10 and Table 2, Appendix III (estimated absorbed dose of MI for 38 
handlers), applicators applying MI through drip irrigation are exposed to an air concentration up 39 
to 1,394 µg/m3 MI.  A generic adult is assumed to have a total body surface area of 18,150 cm2 40 
(USEPA, 1997).  Thus, the amount of MI absorbed dermally by applicators in an 8-hour period 41 
would be: 42 
 43 
Dermal intake = (0.005 cm/hr) * (8 hr) * (1,394 µg/m3) * (18,150 cm2) * 1m3/(1 x 106 cm3) 44 
  = 1.01µg. 45 
 46 
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The dose of MI absorbed through the inhalation route by an applicator experiencing the same air 1 
concentration for 8 hours was estimated to be 9.66 µg/kg (Table 11).  If we assume the generic 2 
adult weighs 70 kg (USEPA, 1997), the amount of MI absorbed through the dermal route would 3 
be 0.014 µg/kg.  Consequently, the amount theoretically absorbed through the dermal route 4 
(0.014 µg/kg) constitutes 0.1% of the amount (9.66 µg/kg) absorbed through the inhalation route.  5 
This amount of exposure is considered insignificant (Donahue, 1996).  This theoretical 6 
calculation depends upon the accuracy of the in vitro dermal absorption data.  At the present 7 
time, DPR does not consider in vitro dermal absorption data to be reliably reproducible. 8 
 9 
This theoretical estimate of dermal absorption suggests that the dermal absorption of MI might 10 
be significant if individuals with SCBA were exposed to high concentrations of MI for extended 11 
periods.  However, in the context of pre-plant field fumigation, the contribution of MI through 12 
the dermal route to the total absorbed dose is probably negligible.  Consequently, the potential 13 
dermal contributions of air concentrations of methyl iodide from pre-plant field fumigation were 14 
not calculated for workers or bystanders.  15 
 16 
         17 
 18 
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Table 11. Duration and frequency of acute and non-acute exposures for applicators and 1 
workers engaged in pre-plant field fumigation with methyl iodide (MI). 2 


 3 


N 
Work Task Adjustment 


Ratea 
(lb. MI/FA)


Acute Hours Acute ADDb


(µg/kg-day) 
[ppm]e 


SADDc 
(µg/kg-day) 


[ppm]f 


AADDd 
(µg/kg-day) 


 Shallow shank-tarped soil fumigation (broadcast and bedded)g 
4 Applicators (using 


shanks, 10-12") 
175 8 167.6 


[0.35] 
26.2 
[0.06] 


6.6 


6 Shovelmen and 
Shovelers 


175 8 45.0 
[0.11] 


10.2 
[0.02] 


2.6 


4 Tarp Monitors 175 8 213.2 
[0.38] 


24.8 
[0.04] 


6.2 


5 Tarp Hole Punchers, 
Tarp Cutters, and Tarp 
Removers 


175 8 57 
[0.16] 


11.6 
[0.03] 


2.9 


5 Planters 175 8 3.9 
[0.01] 


1.9 
[0.004] 


0.5 


 Tarped-bed fumigation drip irrigation 
6 Applicator 175 8 1.2 


[0.02] 
0.61 


[0.001] 
0.15 


3 Hole Puncher 175 8 10.4 
[0.02] 


3.6 
[0.01] 


0.9 


6 Planter 175 8 2.7 
[0.01] 


0.6 
[0.001] 


0.1 


a The application rates used in the studies were different than the maximum application rate on the proposed 4 
labels.  DPR adjusted the exposures to reflect the maximum application rate (pounds of MI/fumigated acre- 5 
FA). 6 


b The acute absorbed daily dose (ADD), representing the 95th percentile of exposure for 8 hours, calculated from 7 
equations 2 and 3 assuming an inhalation rate of 833 L/hr (Andrews and Patterson, 2000), assumes 90% 8 
protection factor for use of air-purifying respirator for applicators (as is now required by the label), shovelmen, 9 
and tarp monitors, uses the measured body weights, and the 95th percentile of the 8-hour MI air concentration 10 


( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦
g . 11 


c The seasonal absorbed daily dose (SADD) represents the arithmetic mean of exposure for 8 hours, calculated 12 
from equations 2 and 3 assuming an inhalation rate of 833 L/hr (Andrews and Patterson, 2000), the measured 13 
body weights, and the average 8-hour MI air concentration. 14 


d The annual absorbed daily dose (AADD) is calculated by dividing the SADD for 3 months by the 12 months in 15 
one year. 16 


e The 95th percentile of 8-hour MI air concentrations. 17 
f Average concentration of MI in air for 8 hours.  18 
g Data for shallow shank fumigation is calculated by grouping work tasks as stated on page 26.  19 
 20 
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 1 
B. Bystander Exposures (Application Site Air Monitoring Studies) 2 
 3 
Field volatility of methyl iodide was measured in seven studies in California during a broadcast, 4 
flat fume and raised bed, tarped, shallow shank injection of methyl iodide. In addition, it was 5 
measured during a drip irrigation designed to prepare soil for growing various crops (Baker et 6 
al., 2001a; Baker, 2002a; Baker et al., 2002b; Baker et al., 2003b; Baker et al., 2003c; Baker et 7 
al., 2003a; Baker et al., 2004b; Baker et al., 2004c; Baker et al., 2003d; Baker et al., 2005b).  Air 8 
samples were collected for measured durations with air sample tubes placed on masts in the 9 
center and around the treated plots (Figure 5).  The tubes were connected with pumps that drew 10 
air through the collection tubes at a measured rate.  The analytical methods and techniques were 11 
the same as described in the worker exposure studies above.  Methyl iodide residues were eluted 12 
from the collecting tubes and measured by gas chromatography/electron capture analyses.  13 
Measured levels of methyl iodide were corrected using field spikes to estimate trapping 14 
efficiency and extractability/transport stability.  The studies were reviewed (Barry, 2003; Barry, 15 
2004; Barry, 2005), and found to be adequate for estimating MI flux [loss of mass/unit area per 16 
unit time; (Sanders, 2004)] from fields associated with different types of applications.  17 
 18 
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Figure 5.  A diagrammatic example of the field dimensions and sampling locations from the 1 
Camarillo drip irrigation studya.  2 
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a Shaded area marks treated field.  Circled numbers indicates the sampling stations with the nearest distance 40 
to the field indicated in feet.41 
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 1 
The data collected were entered into the ISCST3 model (USEPA, 1995) to estimate the flux.  2 
The computer model uses an equation that makes the flux and the concentration directly 3 
proportional.  In practice, the measured air concentrations around a particular field are taken and 4 
then the flux is back-calculated.  The back-calculation procedure uses the on-site meteorology at 5 
the field and field geometry (locations of receptors or monitoring devices in relation to the field, 6 
and field dimensions) as inputs to the ISCST3 model to estimate the concentrations at the 7 
receptors (Johnson et al., 1999).  The estimated values are then compared to the measured values 8 
via regression analysis.  The regression slope is used to adjust the flux in order to obtain a flux 9 
that, when used in the model with the geometry and meteorology at the time, gives the best 10 
estimate of the measured air concentrations.   11 
 12 
This method is used on most site-specific monitoring studies where fumigant field applications 13 
are monitored, and there are off-site monitors ringing the field.  Field geometry is also measured, 14 
and meteorological data are collected simultaneously with the monitoring data.  This exposure 15 
assessment uses a screening level method to estimate air concentrations by dispersion modeling 16 
(Segawa, 1997, Barry 2008a). Thus, the estimated off-site air concentrations are calculated using 17 
the flux obtained by the back calculation method together with the screening level 18 
meteorological conditions.   19 
 20 
The meteorological conditions used for each averaging time were: 1 m/s wind speed and D 21 
stability (maximum daytime atmospheric stability) at both 1 and 8 hours; and 1.44 m/s and C 22 
stability (DPR 24-hr screening meteorological conditions) at 24 hours (Segawa, 1997). The time-23 
weighted-average (TWA) of maximum estimated methyl iodide soil flux densities at 1 hour, 8 24 
hours, and 24 hours are shown in Table 12, along with the application rates (for a full description 25 
of the technique see Barry, 2008a).  A 1-hr period was used because of concerns over the 26 
potential for eye damage that may be permanent (Bonnette, 2001b).  An 8-hour period 27 
corresponds to a work-day, and a 24-hour period applies to potential other bystanders who may 28 
be adjacent to treated fields for a full day. 29 
 30 
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Table 12. Time weighted average of maximum methyl iodide soil flux densities at various 1 
times from studies involving different application methods.   2 


 3 
Application Method 
(DPR Data Volume) 


Application Rate
(lbs/Acre)a 


1-Hour Flux 
(µg/m^2/s) 


8-Hour Flux 
(µg/m^2/s) 


24-Hour Flux 
(µg/m^2/s) 


Shallow Shank 
Broadcast/Tarp 


(52875-007) 


252.0 Not Measured 234.2 120.9 


Shank, Raised-Bed/Tarp 
(52875-007) 


126.2 158.7 138 81.5 


Shallow Shank 
Broadcast/Tarp 


(52875-026) 


242.0 481 313.7 160.2 


Shank, Raised-Bed/Tarp 
(52875-046) 


171.1 535 265.6 186.4 


Raised-Bed/Drip/Tarp 
(52875-056) 


162.2 198 187.5 87.6 


Raised-Bed/Drip/Tarp 
(52875-063) 


118.8 242 153.4 81.4 


Shank, Raised-Bed/Tarp 
(52875-064) 


143.2 171.4 153.1 117.7 


Raised-Bed/Drip/Tarp 
(52875-089) 


139.0 429.8 296.1 131.1 


a The effective broadcast application rate is found by dividing the total amount of methyl iodide applied to the 4 
field by the whole area of the field, rather than just the area treated.  In the case of bedded applications, the 5 
treated area is the top of the bed only.  The furrow area between the beds is untreated.  The ratio of treated to 6 
untreated area will vary from field to field and depends on the bed width and the size of the furrows. 7 


 8 
 9 
The estimated air concentrations (associated with each application method), calculated from the 10 
maximum estimated TWA MI soil flux and the standardized weather conditions, must be 11 
adjusted for the maximum broadcast application rate on the label (175 lb a.i./treated acre): 12 
 13 
  AC = (AC1 * LR)/ER 14 
 15 
 Where: AC   is the adjusted air concentration of methyl iodide in µg/m3. 16 
  AC1  is the air concentration calculated from the flux data. 17 
  ER    is the effective broadcast application rate (lb s.i./acre). 18 
  LR    is the maximum broadcast application rate on the label (lb a.i./acre). 19 
 20 
The greatest, estimated, adjusted time-weighted average air concentrations of methyl iodide 21 
associated with different application techniques in a 40-acre field were generated from the flux 22 
estimates shown in Table 12.  All of the U.S. EPA approved labels limit the use of methyl iodide 23 
in pre-plant field fumigation to 40 contiguous acres/day.  The calculations used the highest flux 24 
from the studies for each of the three application types.  The highest flux per application rate 25 
associated with flat fume, shank injection was from the study by Baker et al., 2001 (Baker et al., 26 
2001a). The highest flux per application rate associated with raised-bed, shank injection was 27 
from the study by Baker et al., 2002 and 2003 (Baker, 2002a; Baker et al., 2003a).  The highest 28 
flux of methyl iodide per application rate associated with drip irrigation was from the study by 29 
Baker et al., 2004 and 2005 (Baker et al., 2004c; Baker et al., 2005b). The estimated, maximum 30 
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air concentrations of methyl iodide at 3 m, 15 m, 30 m, 91 m, and 152 m from a 40-acre treated 1 
field on the first day after treatment are given for one hour, 8 hours, and 24 hours in Table 13 2 
(Barry, 2008a). 3 
 4 
The labels for methyl iodide carry required buffer zones for methyl iodide (USEPA, 2006; 5 
USEPA, 2007).  Those legally required minimum buffer zones are in place for 48 hours after 6 
application, and no activity is allowed in that buffer zone during that period, unless that 7 
individual is wearing the appropriate PPE required for early re-entry into a treated field.  8 
Applicators wearing respiratory PPE as required for the initial application could fumigate 9 
contiguous 40-acre parcels on subsequent days wearing respiratory protection without regard to 10 
buffer zones.  However, non-applicator handlers (planters, hole punchers, tarp cutters, tarp 11 
removers, and tarp remover drivers) cannot enter the buffer zones for 48 hours unless they are 12 
wearing the PPE required for early re-entry into a treated field. 13 
 14 
Seasonal Exposure:  As indicated by Figure 4, there is likely to be a seasonal exposure to MI 15 
once the fumigant is registered and used for the same pre-plant field fumigations as methyl 16 
bromide.  The 24-hour TWA concentrations assume that an individual is located downwind 17 
throughout the exposure interval.  For repetitive exposures over longer intervals of weeks or 18 
months, that assumption is probably not realistic.  For repetitive bystander exposure estimates, 19 
concentrations are needed that reflect the reality of changing wind directions.  Barry (2008b) 20 
estimated 2-week TWA concentrations to be used for estimating repetitive bystander exposures, 21 
by first calculating an average 24-hour flux over a 2 week period, then adjusting the flux with a 22 
time-scaling factor.  The time-scaling factor is derived using peak-to-mean theory, based on both 23 
empirical and theoretical studies (Barry, 2008b).  As bystanders can be no closer than 152 m for 24 
the first 48 hours, it was assumed that bystanders who may reside next to the treated field would 25 
be at 152 m for the entire 2-week period.  The 2-week arithmetic mean air concentration of MI 26 
(averaged for all 7 air monitoring studies) was estimated to be 0.07 µg/L (Barry, 2008b). 27 
 28 
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 Table 13.  Maximum, time-weighted-average first day air concentrationsa of methyl iodide 1 
(MI) at different distances from a 40-acre fumigated field, normalized for the 2 
maximum application rate, for three different time periods. 3 


 4 
Maximum, estimated time-weighted-average MI air concentrations Type of fumigation 


and distance 
  


1-hourb 
[µg/L] 
(ppm) 


8-hourb  
[µg/L] 
(ppm) 


24-hourc  
[µg/L] 
(ppm) 


Drip Irrigation, Raised Bed 
3 m from field 28.0 


(4.8) 
19.3 
(3.3) 


4.2 
(0.7) 


15 m from field 26.2 
(4.5) 


18.0 
(3.1) 


3.8 
(0.6) 


30 m from field 24.1 
(4.1) 


16.6 
(2.9) 


3.2 
(0.6) 


91 m from field 17.2 
(3.0) 


11.9 
(2.0) 


2.2 
(0.4) 


152 m from field 13.9 
(2.4) 


9.5 
(1.6) 


1.7 
(0.3) 


 Raised-Bed, Shank Injectiond. 
3 m from field 14.1 


(2.4) 
7.0 


(1.2) 
2.4 


(0.4) 
15 m from field 13.2 


(2.3) 
6.6 


(1.1) 
2.2 


(0.4) 
30 m from field 12.1 


(2.1) 
6.0 


(1.0) 
1.9 


(0.3) 
91 m from field 8.7 


(1.5) 
4.3 


(0.71) 
1.3 


(0.2) 
152 m from field 7.0 


(1.2) 
3.5 


(0.6) 
1.0 


(0.2) 


 Flat-Fume Shank Injection 
3 m from field 17.9 


(3.1) 
11.7 
(2.0) 


2.9 
(0.5) 


15 m from field 16.8 
(2.9) 


10.9 
(1.9) 


2.6 
(0.4) 


30 m from field 15.4 
(2.7) 


10.0 
(1.7) 


2.3 
(0.4) 


91 m from field 11.0 
(1.9) 


7.2 
(1.2) 


1.5 
(0.3) 


152 m from field 8.9 
(1.5) 


5.8 
(1.0) 


1.2 
(0.2) 


a Derived from maximum flux rate data assuming 175 lb a.i./treated acre for the first day after fumigation. 5 
b Assumes “D” conditions, maximum day-time atmospheric stability (Barry, 2008a). 6 
c Assumes “C” conditions, atmospheric stability for 24-hours (Segawa, 1997). 7 
d Derived from maximum flux rate data assuming 87.5 lb a.i./acre application rate (50% of max allowed 175 lb 8 


active ingredient/acre) to take into account 50% bed and 50% furrow.  9 
 10 
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  1 
C. Community Exposures (Ambient Air Concentrations)  2 
 3 
As methyl iodide is not registered in California, no ambient air monitoring for methyl iodide has 4 
been conducted.  Nonetheless, it is likely that the use of methyl iodide as a pre-plant, soil 5 
fumigant will lead to community-wide exposures.  Such exposures are likely to eventually 6 
emulate those of the current pre-plant, soil fumigant, methyl bromide.  However, application site 7 
exposures of residents to fumigants, acute and repetitive, are expected to be higher than those 8 
experienced by people living in nearby communities.   The difference in proximity to a treated 9 
field between people living at the application site or living in a nearby community, makes the 10 
differences in acute exposures obvious.  But, what about repetitive exposures? 11 
 12 
For the purposes of comparison between application site versus community repetitive exposures 13 
to ambient air concentrations of fumigants, methyl bromide could be considered a surrogate 14 
chemical for two reasons.  First, methyl bromide and methyl iodide are similar chemically.  15 
Second, the measured air concentrations of the two chemicals from application site monitoring 16 
(24-hour TWA) and worker activities indicated comparability.   17 
 18 
The estimated seasonal application site air concentration of methyl iodide, as stated earlier, was 19 
0.07 µg/L.  Ambient air data on methyl bromide concentrations were derived from Air Resources 20 
Board (ARB) monitoring studies conducted in 2000 (Thongsinthusak and Haskell, 2002).  The 21 
highest measured community 2-week average air concentration (seasonal) was 0.046 µg/L MB.  22 
Thus, ambient air concentrations do not capture the worst case scenario for seasonal exposures. 23 
 24 
D. Estimation of Absorbed Dose 25 
 26 
As noted above, there are potentially two types of bystander exposures to MI.  1) Agricultural 27 
workers engaged in activities in fields adjacent to recently fumigated fields may be exposed.  2) 28 
Other bystanders near fields that have been fumigated may also be exposed.   29 
 30 
All bystanders have the potential for exposure to a 1-hour peak of highly concentrated MI 31 
coming from the application site.  Non-application workers may also be exposed to MI from 32 
previously treated fields for the duration of their 8-hour workday.  Other bystander exposures are 33 
not limited to exposures of 8-hour duration, as this may include residents who might be present 34 
in their homes for a full 24-hour period.  All bystanders must be outside the 152 m label-35 
approved buffer zone for the first 48 hours after a field has been fumigated unless they are 36 
equipped with label-approved PPE.   37 
 38 
An absorbed daily dosage (ADD) refers to the estimated absorbed dose from performing a given 39 
activity for the indicated period of time, up to 24 hours.  The body weights and inhalation rates 40 
of both genders were averaged to obtain a single value for each age group presented in Table 14.  41 
In the case of adult bystanders near application sites, the ADDs associated with a duration of 42 
exposure were calculated using Equations 2 and 3, the maximum air concentration of methyl 43 
iodide at 152 m (Table 13), and assumes a body weight of 71.8 kg, with an inhalation rate of 44 
0.83 m3/hr (Table 14).  In the absence of data, the default inhalation retention/absorption of 45 
methyl iodide is assumed to be 100%.   46 
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 1 
A seasonal average daily dose (SADD) refers to an absorbed daily dosage greater than one week 2 
(short-term) but less than one year (annual).  The maximum size field that can be treated is 40 3 
acres, so the repetitive bystander exposures were estimated assuming the individuals were near a 4 
40-acre field.  Calculations used Equations 2 and 3 with the estimated 2-week average methyl 5 
iodide air concentration (0.07 µg/L at the edge of the buffer zone) multiplied by the inhalation 6 
rate, the duration of exposure, and divided by body weight.  Again, the default inhalation 7 
retention/absorption of methyl iodide was assumed to be 100%. 8 
 9 
Table 14.  Default human inhalation rates and body weights for different aged individuals. 10 
 11 


Agea 
(years) 


Hourly Inhalation 
Rateb 


(m3/hr) 


Median Body 
Weightb 


(kg) 
< 1 0.19 8
1-2 0.28 13
3-5 0.35 18
6-8 0.42 26
9-11 0.56 36
12-14 0.56 50
15-18 0.60 61
Adult 0.83 71.8


a  Both genders are represented within each age group. 12 
b  Default values based on data from Layton, 1993 (Layton, 1993; Andrews and Patterson, 2000), averaged for 13 


both genders within each age group.  These default values were used in the calculation of absorbed dosages of 14 
methyl iodide.   15 


 16 
 17 
The estimated absorbed dosages of methyl iodide for non-applicator bystander workers engaged 18 
in agricultural practices in fields adjacent to previously fumigated fields are given in Table 15.  19 
Non-applicator workers were assumed to have the potential for repetitive, seasonal exposure to 20 
air levels of methyl iodide from treated fields. 21 
 22 
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 Table 15. Estimated absorbed dosages of methyl iodide for bystander workers exposed to 1 
daily and seasonal air concentrations of methyl iodide at the 152 m buffer zone 2 
from different types of application sites.  3 


 4 
Application Method 1-Hour ADDa 


(µg/kg-day) 
8-Hour ADDb 
(µg/kg-day) 


 SADDc  
(µg/kg-day) 


Tarped: 
  Drip Irrigation, 
  Raised Bed/40 acres 161 882  19  


  Raised-Bed, Shank 
  Injection/40 acres 81 325 19 


  Flat-Fume Shank 
  Injection/40 acres 103 538 19 


a The 1-hour absorbed daily dose (ADD) for worker bystanders was calculated using Equations 2 and 3, the 5 
maximum air concentration of methyl iodide at the 152 m buffer zone for 1 hour (Table 13), assuming a body 6 
weight of 71.8 kg, an inhalation rate of 0.83 m3/hr (Table 14), and 100% retention/absorption of methyl iodide 7 
through the inhalation route. 8 


b The 8-hour absorbed daily dose (ADD) for worker bystanders was calculated using Equations 2 and 3, the 9 
maximum air concentration of methyl iodide at the 152 m buffer zone (Table 13), assuming a body weight of 10 
71.8 kg, an inhalation rate of 0.83 m3/hr for 8 hours, and 100% retention/absorption of methyl iodide through 11 
the inhalation route. 12 


c The seasonal absorbed daily dose (SADD) for worker bystanders was calculated using Equations 2 and 3, the 13 
2-week average air concentration of methyl iodide (0.07 µg/L) at 152 m (Barry, 2008b), assuming a body 14 
weight of 71.8 kg, an inhalation rate of 0.83 m3/hr for 24 hours, and 100% retention/absorption of methyl 15 
iodide through the inhalation route. 16 


 17 
 18 
Average and 24-hour acute application site air concentrations of methyl iodide at the edge of the 19 
buffer zone are assumed to be greater than those measured in communities.  Consequently, 20 
families living on the farm are likely to receive acute exposures and seasonal exposures that are 21 
greater than those in local communities.  The estimated absorbed dosages of methyl iodide for 22 
other bystanders (adults and children) who may be adjacent to fields undergoing pre-plant field 23 
fumigation for up to 24 hours are given in Tables 16-19.  24 
 25 
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Table 16. Estimated absorbed dosages of methyl iodide for non-worker bystander adults, 1 
and other bystander adults exposed to daily and seasonal air concentrations of 2 
methyl iodide at the 152 m buffer zone from different types of application sites.  3 


 4 
Application Method 1-Hour ADDa 


(µg/kg-day) 
24-Hour ADDb 


(µg/kg-day) 
SADDc 


(µg/kg-day) 


Tarped: 
  Drip Irrigation, 
  Raised Bed/ 40 acres 


161 473  19 


  Raised-Bed, Shank 
  Injection/ 40 acres 


81 278 19 


  Flat-Fume Shank 
  Injection/ 40 acres 


103 334 19 


 5 
a The 1-hour absorbed daily dose (ADD) for bystanders was calculated using Equations 2 and 3, the maximum 6 


air concentration of methyl iodide at the 152 m buffer zone (Table 13), assuming a body weight of 71.8 kg, an 7 
inhalation rate of 0.83 m3/hr (Table 14) for 1 hour, and 100% retention/absorption of methyl iodide through the 8 
inhalation route. 9 


b The 24-hour absorbed daily dose (ADD) for bystanders was calculated using Equations 2 and 3, the maximum 10 
air concentration of methyl iodide at the 152 m buffer zone (Table 15), assuming a body weight of 71.8 kg, an 11 
inhalation rate of 0.83 m3/hr for 24 hours, and 100% retention/absorption of methyl iodide through the 12 
inhalation route. 13 


c The seasonal absorbed daily dose (SADD) for bystanders was calculated using Equations 2 and 3, the 2-week 14 
average air concentration of methyl iodide (0.07 µg/L) at 152 m (Barry, 2008b), assuming a body weight of 15 
71.8 kg, an inhalation rate of 0.83 m3/hr for 24 hours, and 100% retention/absorption of methyl iodide through 16 
the inhalation route.  17 


 18 
 19 
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Table 17. Estimated absorbed dosages of methyl iodide for bystander children (3-5 yr) 1 
exposed to daily and seasonal air concentrations of methyl iodide at the 152 m 2 
buffer zone from different types of application sites.  3 


 4 
Application Method 1-Hour ADDa 


(µg/kg-day) 
24-Hour ADDb 


(µg/kg-day) 
SADDc 


(µg/kg-day) 


Tarped: 
  Drip Irrigation, 
  Raised Bed/ 40 acres 


270 793 33 


  Raised-Bed, Shank 
  Injection/ 40 acres 


136 467 33 


  Flat-Fume Shank 
  Injection/ 40 acres 


173 560 33 


a The 1-hour absorbed daily dose (ADD) for bystander children (3-5 yrs) was calculated using Equations 2 and 5 
3, the maximum air concentration of methyl iodide at the 152 m buffer zone (Table 13), assuming a body 6 
weight of 18 kg, an inhalation rate of 0.35 m3/hr (Table 14) for 1 hour, and 100% retention/absorption of 7 
methyl iodide through the inhalation route. 8 


b The 24-hour absorbed daily dose (ADD) for bystander children (3-5yrs) was calculated using Equations 2 and 9 
3, the maximum air concentration of methyl iodide at the 152 m buffer zone (Table 13), assuming a body 10 
weight of 18 kg, an inhalation rate of 0.35 m3/hr for 24 hours, and 100% retention/absorption of methyl iodide 11 
through the inhalation route. 12 


c The seasonal absorbed daily dose (SADD) for bystander children (3-5yrs) was calculated using Equations 2 13 
and 3, the 2-week average air concentration of methyl iodide (0.07 µg/L) at 152 m (Barry, 2008b), assuming a 14 
body weight of 18 kg, an inhalation rate of 0.35 m3/hr for 24 hours, and 100% retention/absorption of methyl 15 
iodide through the inhalation route.  16 


 17 
Table 18. Estimated absorbed dosages of methyl iodide for bystander infants (<1 yr) 18 


exposed to daily and seasonal air concentrations of methyl iodide at the 152 m 19 
buffer zone from different types of application sites.  20 


 21 
Application Method 1-Hour ADDa 


(µg/kg-day) 
24-Hour ADDb 


(µg/kg-day) 
SADDc 


(µg/kg-day) 


Tarped: 
  Drip Irrigation, 
  Raised Bed/ 40 acres 


330 969 40 


  Raised-Bed, Shank 
  Injection/ 40 acres 


166 570 40 


  Flat-Fume Shank 
  Injection/ 40 acres 


211 684 40 


a The 1-hour absorbed daily dose (ADD) for bystander infants (<1 yr) was calculated using Equations 2 and 3, 22 
the maximum air concentration of methyl iodide at the 152 m buffer zone (Table 13), assuming a body weight 23 
of 8 kg, an inhalation rate of 0.19 m3/hr (Table 14) for 1 hour, and 100% retention/absorption of methyl iodide 24 
through the inhalation route. 25 


b The 24-hour absorbed daily dose (ADD) for bystander infants (<1 yr) was calculated using Equations 2 and 3, 26 
the maximum air concentration of methyl iodide at the 152 m buffer zone (Table 13), assuming a body weight 27 
of 8 kg, an inhalation rate of 0.19 m3/hr for 24 hours, and 100% retention/absorption of methyl iodide through 28 
the inhalation route. 29 


c The seasonal absorbed daily dose (SADD) for bystander infants (<1 yr) was calculated using Equations 2 and 30 
3, the 2-week average air concentration of methyl iodide (0.07 µg/L) at 152 m (Barry, 2008b), assuming a 31 
body weight of 8 kg, an inhalation rate of 0.19 m3/hr for 24 hours, and 100% retention/absorption of methyl 32 
iodide through the inhalation route.  33 
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Once MI is registered, and comes into general use, people residing on farms and in communities 1 
near farms where pre-plant field fumigation is utilized are likely to be exposed to air levels of 2 
methyl iodide for up to 3 months each year (Figure 4).  If it is assumed that the 2-week average 3 
air concentration of MI at the edge of the buffer zone would persist for the 3-month period, 4 
annual exposures may be estimated by amortizing the seasonal exposure (90 days) over the entire 5 
year (365 days) (Table 19). 6 
 7 
Table 19. Daily, seasonal, and annual estimated absorbed dosages of methyl iodide for 8 


bystanders, resident adjacent to fields treated with methyl iodide as a pre-plant 9 
field fumigant.   10 


 11 
Individual ADDa 


(µg/kg-day) 
SADDb 


(µg/kg-day) 
AADDc 


(µg/kg-day) 
Adult 473 19 5 
Child (3-5 yrs) 793 33 8 
Infant < 1 yr 969 40 10 


a The 24-hour absorbed daily dose (ADD) for different age bystanders was calculated using Equations 2 and 3, 12 
the 95th percentile of 24-hour methyl iodide air concentration at 152 m from a drip-irrigated field (Table 13), 13 
assuming body weights, inhalation rates consistent with the individual ages (Table 14) for 24 hours, and 100% 14 
retention/absorption of methyl iodide through the inhalation route. 15 


b The seasonal absorbed daily dose (SADD) for different age bystanders was calculated using Equations 2 and 3, 16 
the 2-week average air concentration of methyl iodide (0.07 µg/L) at 152 m (Barry, 2008b), assuming body 17 
weights, inhalation rates consistent with the individual ages for 24 hours, and 100% retention/absorption of 18 
methyl iodide through the inhalation route. 19 


c The annual absorbed daily dose (AADD) for different age bystanders was calculated by taking the SADD, 20 
multiplying by 90 days/year, and dividing by 365 days/year. 21 


 22 
  23 
 24 


III. EXPOSURE  APPRAISAL 25 
 26 
An exposure appraisal section contains information regarding the quality of the available 27 
exposure studies, the adequacy of submitted reports, and areas of uncertainty that occur in the 28 
estimation of human exposure.  Thus, the reader can gain a better understanding of the 29 
limitations on the accuracy of the estimated numbers used to represent potential human exposure 30 
to pesticides.  A comparison of DPR’s methods with USEPA’s approach to estimating exposures 31 
to methyl iodide is provided in Appendix III. 32 
 33 
A. Physiological Assumptions 34 
 35 
A published study reported that the inhalation retention/absorption of methyl iodide in human 36 
subjects varied between 53% and 92% (Morgan and Morgan, 1967).  As the study also indicated 37 
the retention/absorption of MI can vary widely between individuals at rest or working, a default 38 
factor of 100% was used (Frank, 2008).  It should be noted, though, that the absorption/retention 39 
of methyl bromide, which is chemically similar to methyl iodide, has been shown to be 52-54% 40 
in humans (Raabe, 1988), 40% in dogs (Raabe, 1986), and 48% in rats (Medinsky et al., 1984).  41 
Thus, the dose estimated to be absorbed/retained through the inhalation route may be less than 42 
the assumed value.   43 
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 1 
Generic single value breathing rates and body weights representing the central tendency of the 2 
data were used in calculating bystander exposures (USEPA, 1997; Andrews and Patterson, 3 
2000).  Such generic assumptions, though reasonable, contribute to the uncertainties in 4 
estimating the amount of chemical absorbed through the respiratory route by individuals. 5 
 6 
The inhalation route is not the only possible route of exposure to pesticide vapors.  Pesticide 7 
vapors come in contact with the skin.  However, as noted earlier in the text, no dermal absorption 8 
studies have been submitted to DPR.  Consequently, the amount of methyl iodide absorbed 9 
through the dermal route cannot be quantified accurately.  In the case of MI air concentrations 10 
associated with pre-plant field fumigation, the contribution of MI taken in by the dermal to the 11 
total absorbed dose is probably negligible, as the theoretical calculation indicated dermal 12 
absorption would only add 0.01% to the total absorbed dose.   13 
 14 
B. Analytical Assumptions 15 
 16 
It was assumed that the variability in collecting, storing, transporting, and analyzing samples was 17 
controlled by normalizing against field spike data.  However, any monitoring technique for 18 
environmental chemicals will produce uncertainty in the estimates of air concentrations of a 19 
chemical.  The variability in analytical estimates can be attributed to variability in assay 20 
technique, sample capture, storage stability, and sample elution efficiency.  Comparison of field 21 
spike analyses with laboratory spike analyses provides an indication of this uncertainty.  Intra- 22 
and inter-assay variability in any analytical technique used to measure environmental samples 23 
can routinely run 15% (Cochran et al., 1979; Cochran, 1987). 24 
 25 
C. Estimation of Application Site Air Concentrations 26 
 27 
The direct sampling method for estimating application site air concentrations was not used 28 
because there are several uncertainties associated with the use of the method that limit its utility.  29 
First, air concentrations of methyl iodide were measured by fixed samplers that were positioned 30 
at various locations around the treated area (both downwind and upwind, as well as at points in 31 
between).  Air concentrations of fumigants are highest in the predominant downwind direction 32 
because the fumigant plume will be pushed by the wind in that direction.  Concentrations of 33 
fumigant upwind tend to be low, or close to zero, as a plume will be pushed by the wind in the 34 
opposite direction. Thus, there can be a very large difference between upwind and downwind air 35 
concentrations of a fumigant.  In areas where there is a predominant wind direction, averaging of 36 
the air concentrations from these various samplers is not appropriate as persons around treated 37 
areas will generally be in one location relative to the wind.  Consequently, they will not be 38 
exposed to an average of these concentrations. Second, samplers were positioned at specific 39 
distances from the treated area, and the measured concentrations represent air concentrations 40 
only at those distances. As air concentrations change as a function of downwind distance, the air 41 
concentrations estimated from direct measures represent a very narrow range of the possible 42 
levels to which people can be exposed.  Finally, the measured air concentrations represent only 43 
those for the conditions under which the studies were carried out. Air concentrations around 44 
treated fields, buildings, or other areas are influenced by a number of factors including how a 45 
chemical is applied, application rates, techniques designed to control emissions (e.g., tarps), and 46 
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weather conditions. Varying weather conditions, for example, can significantly change the air 1 
concentrations at specific sites around a treated area.  As there is a large range of potential 2 
weather conditions that can exist, it is not possible for these studies to represent the entire range 3 
of potential exposures that can result from different weather conditions. 4 
 5 
Modeling with the Industrial Source Complex Short Term, version 3 (ISCST3) produces high-6 
end estimates of air concentration and resulting risks for a number of reasons.  First, only the 7 
downwind direction fumigant plume is considered. Most people will not be directly downwind 8 
from a treated field. Secondly, each of the computer model runs is based on a constant wind 9 
speed, wind direction, and atmospheric stability for a 24-hour period.  These circumstances 10 
rarely occur.  Consequently air concentrations are likely to be overestimated by ISCST3.  11 
However, the model does allow for estimation of air concentrations that reflect different 12 
conditions based on changing factors such as application rates, field sizes, downwind distances, 13 
wind, weather conditions, and other factors.  These factors cannot be taken into account using the 14 
monitoring data method alone.  Therefore, results using the ISCST3 model should be considered 15 
to be potential exposures to the most highly exposed, upper percentile of the population, but are 16 
not representative of exposures to most of the population around a treated field. 17 
 18 
All other things being equal, the ISCST3 model uses an equation that makes the flux and the 19 
concentration directly proportional.  In practice, DPR first takes the measured air concentrations 20 
around a particular field and back-calculates the flux.  The back-calculation method uses the on-21 
site meteorology at the field and field geometry (locations of receptors or monitoring devices in 22 
relation to the field, and field dimensions) as inputs to the ISCST3 model to estimate the 23 
concentrations at the receptors.  Then, the estimated values are compared to the measured values 24 
via regression analysis.  The regression slope is used to adjust the flux in order to obtain a flux 25 
that, when used in the model with the geometry and meteorology at the time, gives the best 26 
estimate of the measured air concentrations.  However, the monitoring data are generated from a 27 
single field that has been treated with a specific cultivation technique.   28 
 29 
A number of factors may affect the flux of methyl iodide from the fields where it has been 30 
applied.  These factors contribute to the uncertainty of our estimates of air concentrations near 31 
application sites.  Soil.  Finer particle soils may have less flux.  When the moisture content of the 32 
soil is greater, the flux is less.  Increasing soil temperature leads to increasing flux.  Farming 33 
Technique.  There is a greater flux from raised bed fields than from flat fume applications.  The 34 
greater the depth of application, the lower the flux.  Pre-irrigation of the soil increases the 35 
moisture content, and lowers the flux.  Sometimes additives are used to fertilize the soil during 36 
drip irrigation applications, and these additives may interact with the fumigant to reduce the flux.  37 
Generally, tarped soil has a lower flux than untarped soil.  Tarped raised-bed applications (rows) 38 
have a greater flux than flat field applications. 39 
 40 
Another area of uncertainty concerns the relationship between flux, concentration, and 41 
meteorological conditions.  Decreasing barometric pressure can result in increased flux due to 42 
advection of soil air.  Ordinarily, cooler nighttime conditions would be expected to produce a 43 
lower flux than daytime conditions.  Most, but not all, applications showed a lower flux at night.   44 
However, at any given time, air concentrations may not be directly related to flux.  It is often the 45 
case that measured nighttime concentrations are much higher than daytime concentrations.  The 46 
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reason for this is that nighttime conditions are much more stable than daytime conditions.  1 
Stability in this case refers to the amount of vertical atmospheric mixing.  During warm 2 
afternoons (least stable), increased vertical air movement accelerates vertical air mixing and 3 
downwind air concentrations are generally lower.  However, looping of the plume (atmospheric 4 
waves of different contaminant concentrations) under these conditions can result in high local air 5 
concentrations (Stull, 1988).  During cool, post-midnight, pre-dawn hours, conditions can be 6 
highly stable (cold, dense air near the soil; warmer, lighter air at greater heights, no vertical 7 
mixing) and the plume from the field stays intact (and undiluted) for much farther downwind 8 
distances.  Thus, despite reduced flux, the increased stability of the plume results in a higher air 9 
concentration. 10 
 11 
At night, calm winds are associated with stable conditions and the presence of inversion 12 
conditions.  Under calm conditions, wind movement is low or non-existent.  These 13 
meteorological conditions are treated by two methods when modeling with ISCST3.  (1) The 14 
hours with calm conditions are excluded from the time-weighted-average for the period in which 15 
they occur.  Or (2) The wind speed is increased to 1 m/s and the wind direction in the 16 
meteorological data is used as recorded.  Highly variable off-site air concentrations may result 17 
during these meteorological conditions.  Rarely, a plume may develop over a field but may not 18 
move appreciably (except for diffusion at the edges).   More commonly, a light breeze (too low 19 
to measure on the meteorological instruments that are commonly employed) could move the 20 
plume off-site.  This results in high off-site air concentrations.  Such movements tend to be 21 
erratic and unpredictable in the crosswind direction.  The distance such a plume could move is 22 
unknown.  It’s possible that high air concentrations of a contaminant might occur very far from 23 
the source field because the plume would move off-site at a low velocity, and not disperse.   24 
 25 
Finally, air concentration is proportional to flux in the Gaussian plume model. DPR also assumes 26 
that flux is proportional to application rate but that flux does not vary with application size 27 
(Segawa, 1997). These assumptions together permit the use of the ISCST3 model to estimate off-28 
site air concentrations for application sizes other that those directly monitored. 29 
   30 
 31 
 32 
D. Occupational Exposures 33 
 34 
The activities of the workers involved in the experimental studies were assumed to be typical 35 
activities associated with the application techniques.  In one case, there was the unexpected 36 
circumstance of an equipment failure that led to a much greater exposure of some of the 37 
handlers.  This introduced a substantial amount of variability, and led to higher upper-bound 38 
estimates of acute exposure.  However, equipment failure of that nature is a probable, even if 39 
infrequent, occurrence.  Consequently, it is appropriate to use acute exposure estimates that 40 
include the potential episodes of equipment problems.  None-the-less, for those handlers that do 41 
not experience equipment failures, exposures will be substantially less. 42 
 43 
In each of the studies, the number of acres treated (2.5) was approximately 1/10 of a typical 44 
day’s fumigation efforts (Thongsinthusak and Haskell, 2002).  In the absence of chemical 45 
specific data, a linear relationship between the number of acres treated and worker exposure was 46 
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assumed.  Such an assumption contributes to the uncertainty of the exposure estimate.  Current 1 
pesticide handler activities associated with pre-plant field fumigation involving methyl bromide 2 
are limited by regulations and permit conditions (CCR, 2004).  Such limitations on activities and 3 
duration of exposure, if applied to methyl iodide use, would likely reduce handler exposures.     4 
 5 
The general problem of gauging the long-term (annual) risks of intermittent exposure to toxic 6 
chemicals was addressed in a symposium conducted by U.S. EPA (USEPA, 1998).  The 7 
participants generally agreed that the toxicological databases for chemicals are not adequate to 8 
fully deal with estimating the long-term risks of intermittent exposures.  However, two factors 9 
appear to be paramount in deciding whether there will be any long-term effects of intermittent 10 
dosing.  First, if the biological half-life of the toxic chemical in the body is greater than the 11 
intervening time between doses, then chemical accumulation may result in damage.  As the half-12 
life of methyl iodide in laboratory animals is less than 48 hours (Sved, 2002), it is unlikely 13 
methyl iodide will accumulate on a chronic (annual) basis in the body.  The second 14 
consideration is irreparable damage, occurring as a result of an initial dose that may carry over 15 
to the next dose.  There are oncogenicity concerns associated with the toxicity of methyl iodide.  16 
Oncogenicity may result from cumulative tissue damage.  As it is the absorbed dose that may 17 
result in permanent damage, the amortization of the short-term absorbed dose over the rest of 18 
the year may be appropriate.    Nonetheless, the intermittent nature of long-term exposure to MI 19 
contributes to the uncertainty in estimating the effective dose.   20 
 21 


E. Bystander Exposures 22 
 23 
Acute Exposures:  In most versions of an exposure assessment for airborne pesticides, a 24 
simplified exposure scenario is used, being termed “worst case”.  That scenario implicitly 25 
assumes that individuals stay at a site with the highest measured air concentration of MI for up to 26 
24 hours.  However, the California Air Resources Board has conducted a study that indicates that 27 
peoples’ activity patterns are more complicated (Phillips et al., 1991; Jenkins et al., 1992).  This 28 
may cause estimates of bystander exposure to be exaggerated for those individuals who do not 29 
remain continuously at that location.  Also, it is assumed that the indoor/outdoor air 30 
concentrations of methyl iodide are not different.  In some instances, though, indoor and outdoor 31 
air concentrations of contaminants can be different when the source of the chemical is from 32 
outdoors (Sheldon et al., 1992).  An example of such a difference comes from a study in which 33 
both the indoor and outdoor air concentrations of a phosphorothioate insecticide, malathion, were 34 
monitored during an outdoor spraying program (Segawa et al., 1991).  That study indicated that 35 
in more than 30 homes, the indoor air concentrations of malathion was only an average of 25% 36 
of the measured outdoor concentrations in the same areas.  However, in the absence of chemical 37 
specific data, no quantitative adjustments in the indoor air concentrations of MI can be made.  38 
Further, even if there were chemical specific data, there are no regulations that require homes to 39 
be closed during and immediately after pesticide applications.  Consequently, DPR cannot 40 
assume that the homes would remain closed.  Because the homes can be open, the health 41 
protective assumption is that no differences exist between indoor and outdoor air concentrations 42 
of MI. 43 
 44 
In the case of worker bystanders, the air concentrations of MI at the edge of the label-required 45 
buffer zone (152 m) were used to estimate exposures.  As air concentrations of MI vary, and 46 
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workers will not always be at the edge of the buffer zone for the duration of their work activities, 1 
the exposure values calculated represent a worst-case scenario. 2 
 3 
Repetitive Exposures:  Repetitive exposures were estimated because the use-pattern of a 4 
chemically similar pre-plant field fumigant (methyl bromide) indicated at least a 3-month use 5 
season (Figure 4).  However, those data also indicated that fields are likely to be fumigated only 6 
once per year.  As bystanders living adjacent to fumigated fields seemed likely to receive the 7 
highest repetitive exposures, a 2-week average air concentration (0.07 µg/L) was used to 8 
simulate seasonal exposure of these individuals.  However, virtually all of the MI is gone from 9 
treated fields by day four (Figure 6), and the 2-week average air concentration of MI represents 10 
averaging the initial few days of high concentrations with the remaining days of non-detectable 11 
levels of MI.  Consequently, it is not surprising that the 2-week average application site air 12 
concentration (0.07 µg MI/L) was approximately the same as the highest 2-week average 13 
ambient air concentration of methyl bromide (0.046 µg MB/L) measured by the ARB 14 
(Thongsinthusak and Haskell, 2002).   15 
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Figure 6.  Average methyl iodide flux over the course of two weeks from fields treated by 1 
shank injection or drip irrigation a.  2 


 3 


0 4 8 12
Day


0


25


50


75


100


125


Fl
ux


 (u
g/


m
2 s


ec
)


0


25


50


75


100


125


Fl
ux


 (u
g/


m
2 s


ec
)


4 
a   Barry, 2008b 5 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


50


IV. REFERENCES 1 
 2 
ACGIH  1986.  Documentation of the threshold limit values and biological exposure indices. 5th 3 


ed. Cincinnati, OH: American Conference of Governmental and Industrial Hygienists. 4 
 5 
AER.  2000.  Estimates of the atmospheric lifetime, global warming potential and ozone 6 


depletion potential of iodomethane (CH3I).  Atmospheric and Environmental Research 7 
Inc MRID 45593712.  (DPR Vol. No. 52875-009 Record No. 185660). 8 


 9 
Andrews, C., and Patterson, G.  2000.  Interim guidance for selecting default inhalation rates for 10 


children and adults  HSM-00010  Sacramento, CA  Worker Health and Safety and 11 
Medical Toxicology Branches, Department of Pesticide Regulation, California 12 
Environmental Protection Agency. 13 


 14 
Aryesta.  2000.  Estimates of the atmospheric lifetime, global warming potential, and ozone 15 


depletion potential of iodomethane (CH3I).     (DPR Vol. No. 52875-029 Record No. 16 
185660). 17 


 18 
Aryesta.  2002.  Henry’s Law Constant.     (DPR Vol. No. 52875-036 Record No. 200878). 19 
 20 
Baker, F., Estigoy, L., Gillis, M., and Belcher, T.  2001a.  Environmental (off-site) monitoring 21 


and direct flux/indirect flux determination of iodomethane (TM-425) under field 22 
conditions.  PTRL Report No. 975W-1.    (DPR Vol. No. 52875-026 Record No. 23 
185705). 24 


 25 
Baker, F. C., Estigoy, L., and Belcher, T. I.  2001b.  Worker and applicator exposure under field 26 


conditions during application of the fumigant iodomethane (TM-425).  PTRL West Inc. 27 
Report No. 974W-1.    (DPR Vol. No. 52875-0025 Record No. 185703). 28 


 29 
Baker, F. C., Estigoy, L., Reiss, R., Nelson, M. D., and Bolda, M.  2002a.  Volatility of 30 


iodomethane (TM-425) under field conditions in California and Florida.  PTRL Report 31 
#893-W1.    (DPR Vol. No. 52875-007 Record No. 185658). 32 


 33 
Baker, F. C., Estigoy, L., and Belcher, T.I.  2002b.  Environmental (off-site) monitoring and 34 


indirect flux determination of iodomethane (TM-425) under field conditions.  PTRL 35 
Report #11420-W.  MRID 45879101.  (DPR Vol. No. 52875-046 Record No. 204110.). 36 


 37 
Baker, F. C., Estigoy, L., and Belcher, T. I.  2003a.  Environmental (off-site) monitoring and 38 


indirect flux determination of iodomethane (TM-425) under field conditions.  PTRL 39 
Report #1142-1.    (DPR Vol. No. 52875-046 Record No. 204110). 40 


 41 
Baker, F. C., Estigoy, L., and Belcher, T. I.  2003b.  Environmental (off-site) monitoring and 42 


indirect flux determination of iodomethane (TM-425) under field conditions following 43 
tarped/raised bed/drip irrigation application.  PTRL Report #1198W-1.    (DPR Vol. No. 44 
52875-056 Record No. 209311). 45 


 46 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


51


Baker, F. C., Estigoy, L., and Belcher, T. I.  2003c.  Environmental (off-site) monitoring and 1 
indirect flux determination of iodomethane (TM-425) under field conditions following 2 
tarped/raised bed/drip irrigation application, amended.  PTRL Report #1198W and 3 
1198W-1.    (DPR Vol. No. 52875-074 Record No. 215556). 4 


 5 
Baker, F. C., Hiler, R. L., and Belcher, T. I.  2003d.  Worker and applicator exposure under field 6 


conditions during drip irrigation application of the fumigant iodomethane.  PTRL West 7 
Inc. Report No. 1197W.    (DPR Vol. No. 52875-0055 Record No. 209310). 8 


 9 
Baker, F. C., Hiler, R. L., and Belcher, T. I.  2003e.  Worker and applicator exposure under field 10 


conditions during tarped/raised bed/shank injection application of the fumigant 11 
iodomethane.  PTRL West Inc. Report No. 1140W-1.    (DPR Vol. No. 52875-0047, 12 
Record No. 204111). 13 


 14 
Baker, F., Hiler, R.L., and Belcher, T.  2004.  Worker and applicator exposure under field 15 


conditions during tarped/raised bed/drip irrigation application of the fumigant 16 
iodomethane (TM425).  PTRL West Inc.  Study Project No. 1255W.    (DPR Vol. No. 17 
52875-0065 Record No. 214833). 18 


 19 
Baker, F., Hiler, R. L., and Belcher, T.  2004a.  Worker and applicator exposure under field 20 


conditions during tarped/raised bed/ shallow shank injection application.  PTRL West 21 
Inc.  Study Project No. 1253W.    (DPR Vol. No. 52875-0064 Record No. 204111). 22 


 23 
Baker, F. C., Estigoy, L., and Belcher, T. I.  2004b.  Environmental (off-site) monitoring and 24 


indirect flux determination of iodomethane (TM-425) under field conditions following 25 
tarped/raised bed/shallow shank injection application.  PTRL Report #1254W-1.    (DPR 26 
Vol. No. 52875-064 Record No. 214832). 27 


 28 
Baker, F. C., Estigoy, L., Belcher, T. I., and Lange, B.  2004c.  Environmental (off-site) 29 


monitoring and indirect flux determination of iodomethane (TM-425) under field 30 
conditions following tarped/raised bed/drip irrigation application.  PTRL Report 31 
#1315W-1.    (DPR Vol. No. 52875-089 Record No. 214831). 32 


 33 
Baker, F. C., Hiler, R., Estigoy, L., and Belcher, T. I.  2004d.  Environmental (off-site) 34 


monitoring and indirect flux determination of iodomethane (TM-425) under field 35 
conditions following tarped/raised bed/drip irrigation application.  PTRL Report 36 
#1256W-1.    (DPR Vol. No. 52875-063 Record No. 214831). 37 


 38 
Baker, F., Hiler, R. L., and Lange, B.  2005a.  Worker and applicator exposure under field 39 


conditions during tarped/raised bed/drip irrigation application of the fumigant 40 
iodomethane (TM-425).  PTRL Report No. 1314W-1.    (DPR Vol. No. 52875-0090, 41 
Record No. 216498). 42 


 43 
Baker, F. C., Estigoy, L., Hiler, R. L., and Lange, B.  2005b.  Environmental (Off-Site) 44 


monitoring and indirect flux determination of iodomethane (TM-425) under field 45 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


52


conditions following tarped/raised bed/drip irrigation application.  PTRL West Inc.  1 
Study Project No. 1315W-1.    (DPR Vol. No. 52875-0089 Record No. 216495). 2 


 3 
Barry, T.  2003.  Review of iodomethane I.D. NO. CR-192893-N:  Data volumes 52875-007 and 4 


52875-026.  Memorandum to K.S. Goh, Environmental Monitoring Branch, Department 5 
of Pesticide Regulation, California Environmental Protection Agency, Sacramento, CA. 6 
95812, dated March 14, 2003. 7 


 8 
Barry, T.  2004.  Review of iodomethane I.D. No. CR-192892-N: Data Volume 52875-051. 9 


rro0409.pdf.  Environmental Monitoring Branch, Department of Pesticide Regulation, 10 
California Environmental Protection Agency, Sacramento, CA. 95812. 11 


 12 
Barry, T.  2005.  Review of iodomethane I.D. NO. CR-192892-N: Data Volumes 52875-046; -13 


049; -056/074; -063; -064; -089. Document rro0506.pdf. Environmental Monitoring 14 
Branch, Department of Pesticide Regulation, California Environmental Protection 15 
Agency, Sacramento, CA. 95812. 16 


 17 
Barry, T.  2008a. Screening level air concentration estimates for Worker Health and Safety 18 


Exposure Appraisals. Memorandum to Randy Segawa dated August 21, 2008. 19 
Environmental Monitoring Branch, Department of Pesticide Regulation, California 20 
Environmental Protection Agency, Sacramento, CA. 21 


 22 
Barry, T.  2008b.  Development of sub-chronic air concentration estimates associated with a 23 


single fumigant application.  Sacramento, CA: Environmental Monitoring, Department of 24 
Pesticide Regulation, California Environmental Protection Agency. 25 


 26 
Barry, T., and Johnson, B.  2008.  Analysis of the relationship between percentiles of the whole 27 


field buffer zone distribution and the maximum direction buffer zone distribution.  28 
Sacramento, CA. 29 


 30 
Bonnette, K. L.  2001a.  A dermal sensitization study in Guinea Pigs with iodomethane (TM-31 


425).  SLI Study No. 3527.7  (DPR Vol. No. 52875-016 Record No. 185691). 32 
 33 
Bonnette, K. L.  2001b.  A primary eye irritation study in rabbits with iodomethane (TM-425).  34 


SLI Study No. 3527.5  (DPR Vol. No. 52875-016 Record No. 185689). 35 
 36 
Bonnette, K. L.  2001c.  A primary skin irritation study in rabbits with iodomethane (TM-425).  37 


SLI Study No. 3527.6  (DPR Vol. No. 52875-016 Record No. 185690). 38 
 39 
Brookman, J. J., and Curry, K. K.  2002a.  Product properties Group B TM425-02.   MRID 40 


45593704.  (DPR Vol. No. 52875-004 Record No. 185651). 41 
 42 
Brookman, J. J., and Curry, K. K.  2002b.  Product properties Group B TM425-03.   MRID 43 


45594102 (DPR Vol. No. 52875-004 Record No. 185712). 44 
 45 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


53


Budavari, S., O’Neil, M. J., Smith, A., Heckelman, P. E., and Kinneary, J. F., Eds.  1996.  The 1 
Merck Index.  An Encyclopedia of Chemicals, Drugs, and Biologicals. 12 ed.  2 
Whitehouse Station, NJ: Merck Research Laboratories, Merck & Co., Inc. 3 


 4 
CCR  2004.  California Code of Regulations.  Division 6. Pesticides and Pest Control 5 


Operations. Chapter 3. Pest Control Operations.  Subchapter 3. Pesticide Worker Safety. 6 
Article 4. Fumigation. Section 6784. Field Fumigation. 7 


 8 
Cochran, R. C.  1987.  Serum androgens during the annual reproductive cycle of the male 9 


mummichog, Fundulus heteroclitus.  Gen Comp Endocrinol 65:141-148. 10 
 11 
Cochran, R. C., Darney, K. J., Jr., and Ewing, L. L.  1979.  Measurement of testosterone with a 12 


high-performance liquid chromatograph equipped with a flow-through ultraviolet 13 
spectrophotometer.  J Chromatogr 173:349-355. 14 


 15 
Donahue, J.  1996.  Revised policy on dermal absorption default for pesticides. HSM-96005.  16 


Sacramento, CA: Worker Health and Safety Branch, Department of Pesticide Regulation, 17 
California Environmental Protection Agency. 18 


 19 
Frank, J. P.  2008.  Default Inhalation Retention/Absorption Values to be used for Estimating 20 


Exposure to Airborne Pesticides. HSM 08011.  Worker Helath and Safety Branch, 21 
Department of Pesticide Regulation, California Environmental Protection Agency. 22 
September 18, 2008. http://www.cdpr.ca.gov/docs/whs/memo/hsm08011.pdf. 23 


 24 
Frank, J.  2009.  Method for Calculating Short-Term Exposure Estimates. HSM-09004.  25 


Sacramento, CA: Worker Health & Safety Branch, Department of Pesticide Regulation, 26 
California Environmental Protection Agency. February 13, 2009. 27 
http://www.cdpr.ca.gov/docs/whs/memo/hsm09004.pdf 28 


 29 
Gannon, S. A.  2004.  Iodomethane: In vitro partition coefficients in rat and rabbit tissues and 30 


human blood.  DuPont Project #15617.    (DPR Vol. No. 52875-0079 Record No. 31 
216073). 32 


 33 
Hahn, G. J., and Meeker, W. Q.  1991.  Statistical Intervals: A Guide for Practitioners. New 34 


York: John Wiley & Sons, Inc. 35 
 36 
Helsel, D. R.  2005.  Nondetects and Data Analysis: Statistics for Censored Environmental Data. 37 


Hoboken, NJ: John Wiley & Sons, Inc. 38 
 39 
Huey, M. A., Materna, B.L. .  2002.  Air Sampling. In Fundamentals of Industrial Hygiene, 5th 40 


Edition, edited by B. A. . Plog, and Quinlan, P.J. : National Safety Council Press, pp. 41 
526. 42 


 43 
Jenkins, P., Phillips, T., Mulberg, E., and Hui, S.  1992.  Activity patterns of Californians: Use of 44 


and proximity to indoor pollutant sources.  Atmospheric Environment 26A(12):2141-45 
2148. 46 



http://www.cdpr.ca.gov/docs/whs/memo/hsm08011.pdf

http://www.cdpr.ca.gov/docs/whs/memo/hsm09004.pdf





FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


54


 1 
Johnson, B., T. Barry, and P. Wofford. 1999. Workbook for Gaussian modeling analysis of air 2 


concentration  measurements. Environmental Monitoring Branch, Department of 3 
Pesticide Regulation, California Environmental Protection Agency, Sacramento, 4 
California. EH99-03. 5 


 6 
Layton, D. W.  1993.  Metabolically consistent breathing rates for use in dose assessments.  7 


Health Phys 64:23-36. 8 
 9 
Leo, A., Hansch, C., and Elkins, D.  1971.  Partition coefficients and their uses.  Chem. Rev. 10 


71:525-616. 11 
 12 
Loizou, G. D., Jones, K., Akrill, P., Dyne, D., and Cocker, J.  1998.  Estimation of the dermal 13 


absorption of m-xylene vapor in humans using breath sampling and physiologically based 14 
pharmacokinetic analysis.  Toxicol. Sci. 48:170-179. 15 


 16 
Mattie, D. R., Bates Jr., G. D., Jepson, G. W., Fisher, J. W., and McDougal, J. N.  1994.  17 


Determination of skin:air partition coefficients for volatile chemicals: experimental 18 
method and applications.  Fund. Appl. Toxicol. 22:51-57. 19 


 20 
McDougal, J. N., Jepson, G. W., Clewell III, H. J., and Andersen, M. E.  1985.  Dermal 21 


absorption of dihalomethane vapors.  Toxicol. Appl. Pharm. 79:150-158. 22 
 23 
McDougal, J. N., Jepson, G. W., Clewell III, H. J., MacNaughton, M. G., and Andersen, M. E.  24 


1986.  A physiological pharmacokinetic model for dermal absorption of vapors in the rat.  25 
Toxicol. Appl. Pharm. 85:286-294. 26 


 27 
McDougal, J. N., Jepson, G. W., Clewell III, H. J., Gargas, M. L., and Andersen, M. E.  1990.  28 


Dermal absorption of organic chemical vapors in rats and humans.  Fund. Appl. Toxicol. 29 
14:299-308. 30 


 31 
McFadden, J. J., and Landphair, C. R.  2001.  Adsorption and desorption of [14C]-iodomethane 32 


(TM-425) on five soils.  Project ID 013136.  MRID 45593709.  (DPR Vol. No. 52875-33 
006 Record No. 185657). 34 


 35 
Medinsky, M. A., Dutcher, J. S., Bond, J. A., Henderson, R. F., Mauderly, J. L., Snipes, M. B., 36 


Mewhinney, J. A., Cheng, Y. S., and Birnbaum, L. S.  1984.  Uptake and excretion of 37 
[14C]-methyl bromide as influenced by exposure concentration.  Toxicol. Appl. 38 
Pharmacol. 78:215-225. 39 


 40 
Meister, R. T.  2004.  Crop Protection Handbook. Willoughby, OH: Meister Publishing 41 


Company. 42 
 43 
Morgan, D. J., and Morgan, A.  1967.  Studies on the retention and metabolism of inhaled methyl 44 


iodide- I. Retention of inhaled methyl iodide.  Health Physics 13:1055-1065. 45 
 46 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


55


NIOSH  1987.  Respirator Decision Logic. (National Institute for Occupational Safety and 1 
Health, Ed.). National Institute for Occupational Safety and Health. 2 


 3 
Ohr, H. D., Sims, J. J., Grech, N. M., Becker, J. O., and McGriffen, M. E.  1996.  Methyl iodide, 4 


an ozone-safe alternative to methyl bromide as a soil fumigant.  Plant Dis. 80(7):731-5 
735. 6 


 7 
Phillips, T. J., Jenkins, P. L., and Mulberg, E. J.  1991.  Children in California: Activity patterns 8 


and presence of pollutant sources.  California Resources Board, Sacramento, CA. 9 
 10 
Raabe, O. G.  1986.  Inhalation uptake of selected chemical vapors at trace levels.  Report to the 11 


Calif. Air Res. Bd., CARB Contract #A3-132-33.  Sacramento, CA. 12 
 13 
Raabe, O. G.  1988.  Retention and metabolism of toxics.  Inhalation uptake of xenobiotic vapors 14 


by people.  The Biological Effects Research Section, California Air Resources Board.  15 
CARB Contract No. A5-155-33.  Sacramento, CA. 16 


 17 
Riihimaki, V., and Paffli, P.  1978.  Percutaneous absorption of solvent vapors in man.  Scand. J. 18 


Work Environ. Health 4:73-85. 19 
 20 
Sanders, J. S.  2004.  General guidance for conducting fumigant field studies.  Letter to 21 


Environmental Monitoring Branch, Department of Pesticide Regulation, California 22 
Environmental Protection Agency, Sacramento, CA 95812., dated June 20, 2005. 23 


 24 
Segawa, R.  1997.  Description of computer modeling procedures for methyl bromide.  25 


Memorandum to J. Sanders, Environmental Monitoring and Pest Management Branch, 26 
Department of Pesticide Regulation, California Environmental Protection Agency, 27 
Sacramento, CA, dated September 4, 1997. 28 


 29 
Segawa, R. T., Sitts, J. A., White, J. H., Marade, S. J., and Powell, S. J.  1991.  Environmental 30 


monitoring of malathion aerial applications used to eradicate Mediterranean fruit flies in 31 
Southern California, 1990., California Department of Food and Agriculture,  32 
Environmental Hazards Assessment Program, Sacramento, CA. 33 


 34 
Sheldon, L., Clayton, A., Jones, B., Keever, J., Perritt, R., Smith, D., Whitaker, D., and 35 


Whitmore, R.  1992.  Indoor pollutant concentrations and exposures. Final report contract 36 
no. A833-156 prepared for California Air Resources Board., Research Triangle Institute, 37 
Research Triangle Park, NC. 38 


 39 
Sims, J. J., Grech, N. M., Becker, J. O., McGiffen, M. E., and Ohr, H. D.  1995.  Methyl iodide: 40 


a potential alternative to methyl bromide. Proc. Of the Second Annual Int. Res. Conf. On 41 
Methyl Bromide Alternatives and Emissions Reductions,  November 6-8, 1995, at San 42 
Diego, CA. p 46. 43 


 44 
Stull, R. B., Ed.  1988.  An Introduction to Boundary Layer Meterorology. 5th ed.  The 45 


Netherlands: Kluwer Academic Publishers, p 666. 46 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


56


 1 
Sved, D. W.  2002.  A comparative oral (gavage) and inhalation metabolism and toxicokinetic 2 


study with iodomethane in male rats.  Wil Institute, Report No. WIL-418007.    (DPR 3 
Vol. No. 52875-033 Record No. 186475). 4 


 5 
Thongsinthusak, T., and Haskell, D.  2002.  Estimation of exposure of persons to methyl 6 


bromide during and/or after agricultural and nonagricultural uses. HS-1659.  Sacramento, 7 
CA.: Worker Health and Safety Branch, Department of Pesticide Regulation, California 8 
Environmental Protection Agency. 9 


 10 
UNEP.  1995.  The Montreal protocol on substances that deplete the ozone layer. 1994 Report of 11 


the Methyl Bromide Technical Option Committee. United Nations Environmental 12 
Programmes 13 


  14 
UNEP.  1998.  Methyl Bromide Technical Options Committee; 1998 Assessment of Alternatives 15 


to Methyl Bromide. . United Nations Environment Programme. http//www.org.teap.org. 16 
 17 
USEPA.  1992a.  Dermal Exposure Assessment: Principles and Applications. Office of Health 18 


and Environmental Assessment, United States Environmental Protection Agency. 19 
EPA/600/8-91/011B. 20 


 21 
USEPA.  1992b.  Guidelines for Exposure Assessment. Office of Research and Development, 22 


United States Environmental Protection Agency. EPA/600/Z-92/001. 23 
 24 
USEPA.  1993.  Protection of Stratospheric Ozone Federal Register 58(51), no. 15014-15049. 25 
 26 
USEPA.  1995.  User’s guide for the Industrial Source Complex (ISC3) dispersion models. 27 


Volume I – User’s Instructions. Office of Air Quality Planning and Standards. Emissions, 28 
Monitoring, and Analysis Division. U.S. Environmental Protection Agency. Research 29 
Triangle Park, North Carolina 27711. EPA-454/B-95-003a.   30 


 31 
USEPA.  1997.  Exposure Factors Handbook. Volume 1, General Factors. Office of Research 32 


and Development, United States Environmental Protection Agency. 33 
 34 
USEPA.  1998.  Summary of the U.S. EPA Workshop on the Relationship Between Exposure 35 


Duration and Toxicity. National Center for Environmental Assessment, Office of 36 
Research and Development, United States Environmental Protection Agency. 37 
EPA/600/R-99/081. 38 


 39 
USEPA.  2006.  Iodomethane: Revised HED Human Health Risk Assessment; DP Barcode: 40 


D324458, PC Code: 000011. Office of Prevention, Pesticides and Toxic Substances, 41 
United States Environmental Protection Agency. 42 


 43 
USEPA.  2007.  Iodomethane: Revised HED human health risk assessment which incorporates 44 


results of human iodine monitoring. Health Effects Division (7509P), Office of Pesticide 45 
Programs. (August 23, 2007). 46 



http://www.org.teap.org/





FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


57


 1 
Wieczorek, H.  1985.  Evaluation of low exposure to styrene. II. Dermal absorption of styrene 2 


vapors in humans under experimental conditions.  Int. Arch. Occup. Environ. Health 3 
57:71-75. 4 


 5 
Wujcik, C. E.  2001a.  Aerobic soil metabolism of [14C]-iodomethane (TM-425).  Project ID 6 


012520.  MRID 45573707.  (DPR Vol. No. 52875-006 Record No. 185655). 7 
 8 
Wujcik, C. E.  2001b.  Anaerobic aquatic metabolism of [14C]-iodomethane (TM-425).  Project 9 


ID 013072.  MRID 45593708.  (DPR Vol. No. 52875-006 Record No. 185656). 10 
 11 
 12 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


58


APPENDIX  I 1 
 2 


 3 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


59


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


60


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


61


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


62


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


63


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


64


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


65


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


66


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


67


 1 







FINAL DRAFT- (3/12/09) do not cite or quote 


 
 


68


APPENDIX  II 1 
 2 


Table 1. Calculation of occupational exposures associated with shallow-shank, tarped-bed injections of methyl iodide.   3 
Task Air  


Concentration 
(µg/L) 


Breathing 
Rate 


(L/hr) 


Hours 
Worked


Body 
Weight 


(kg) 


Absorbed 
Daily Dosea 
(µg/kg-d) 


Natural Log 
(Absorbed 
DailyDose)b 


Average 
Natural Log 


ADD (μ) 


Standard 
Deviation Ln 


ADDc (σ)  


Z(.95)d ADDe 
(µg/kg-d) 


Driver (ff) 1.00 833 8 77 8.65 2.16 2.65 1.50 1.645 168 
Co-Pilot (ff) 6.40 833 8 91 46.87 3.85     
Applicator 0.31 833 8 98 2.11 0.75     
Applicator 5.47 833 8 77 47.34 3.86     
Shovelmen (ff) 0.56 833 8 86 4.34 1.47 1.67g 1.30 1.645 45 
Shovelmen (ff) 0.11 833 8 80 0.92 -0.09     
Shovelors 0.21 833 8 47 2.98 1.09     
Shovelors 0.48 833 8 102 3.14 1.14     
Shovelors 2.52 833 8 86 19.53 2.97     
Shovelors 4.32 833 8 95 30.30 3.41     
Tarp Monitor 0.13 833 8 94 0.92 -0.08 2.31h 1.85 1.645 213.2 
Tarp Monitor 0.86 833 8 86 6.66 1.90     
Tarp Monitor 3.52 833 8 91 25.78 3.25     
Tarp Monitor 5.94 833 8 60 65.97 4.19     
Tarp Cutter (ff) 0.03 833 8 95 0.21 0.74 1.59i 1.50 1.645 57 
Tarp Remover (ff) 0.06 833 8 75 5.33 1.67     
Tarp Remover (ff) 0.12 833 8 105 7.62 2.03     
Hole Puncher 0.01 833 8 86 0.77 -0.26     
Hole Puncher 0.6 833 8 95 42.09 3.74     
Planter (ff) 0.03 833 8 80 2.50 0.92 0.54j 0.50 1.645 4 
Planter 0.01 833 8 86 0.77 -0.26     
Planter 0.01 833 8 47 1.42 0.35     
Planter 0.03 833 8 86 2.32 0.84     
Planter 0.03 833 8 85 2.35 0.86     
a The absorbed daily dose (ADD) is calculated by multiplying the air concentration; the 90% protection factor required by the labels, the adult breathing rate; the hours worked and 4 


dividing by the body weight (numbers rounded to nearest 1/100). 5 
b The natural log (Ln) of the absorbed daily dose (numbers rounded to nearest 1/100). 6 
c The arithmetic standard deviation of the natural logs for the absorbed doses (σ). 7 
d The 95th percentile of the standard normal distribution.  8 
e The 95th %ile of exposure calculated as 


( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦
g


 9 


Where:  μ̂    =  arithmetic mean 10 
Z  = the 95th percentile of the standard normal deviation) 11 


         σ̂   =  arithmetic standard deviation 12 
f The arithmetic average of the natural log of the absorbed daily dose for tractor drivers- flat fume (ff) driver, copilot; and raised bed applicators. 13 
g The arithmetic average of the natural logs of the absorbed daily doses for shovelmen- flat fume (ff) shovelmen; and raised bed shovelers. 14 
h The arithmetic average of the natural logs of the absorbed daily doses for tarp monitors. 15 
i  The arithmetic average of the natural logs of the absorbed daily doses for tarp handlers- flat fume (ff) tarp cutters and removers; and raised bed hole punchers. 16 
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j The arithmetic average of the natural logs of the absorbed daily doses for planters. 1 
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Table 2. Calculation of occupational exposures associated with drip irrigation, tarped-bed applications of methyl iodide. 1 
Task Air 


Concentration 
(µg/L) 


Breathing 
Rate 


(L/hr) 


Hours 
Worked


Body 
Weight 


(kg) 


Absorbed 
Daily Dose a 


(µg/kg-d) 


Natural Log 
(Absorbed Daily 


Dose)b 


Average 
Natural Log 


ADD (μ) 


Standard 
Deviation Ln 


ADDc (σ) 


g(.95)d ADDe 
(µg/kg-d) 


Applicator 0.33 833 8 91 0.30 -1.20 -0.59f 0.47 1.645 1.21 
Applicator 0.74 833 8 100 0.62 -0.48     
Applicator 0.42 833 8 91 0.38 -0.96     
Applicator 0.59 833 8 99 0.50 -0.70     
Applicator 1.3 833 8 94 1.15 -0.14     
Applicator 0.85 833 8 100 0.71 -0.35     
Hole Puncher 0.02 833 8 100 1.33 0.29 1.14g 0.73 1.645 10.41 
Hole Puncher 0.07 833 8 99 4.71 1.55     
Hole Puncher 0.09 833 8 125 4.80 1.57     
Planter 0.003 833 8 91 0.22 -1.52 -1.13h 1.29 1.645 2.71 
Planter 0.001 833 8 100 0.05 -3.01     
Planter 0.003 833 8 99 0.23 -1.47     
Planter 0.003 833 8 82 0.23 -1.48     
Planter 0.02 833 8 90 1.48 0.39     
Planter 0.02 833 8 97 1.37 0.32     
a The absorbed daily dose (ADD) is calculated by multiplying the air concentration; the adult breathing rate; the hours worked and dividing by the body weight 2 


(numbers rounded to nearest 1/100). 3 
b The natural log (of the absorbed daily dose (numbers rounded to nearest 1/100). 4 
c The arithmetic standard deviation of the natural logs for the absorbed doses (σ). 5 
d The 95th percentile of the standard normal distribution 6 
e The 95th %ile of exposure calculated as the  antilog [μ + g(0.95,n-1) * σ] 7 


Where: μ̂     =  arithmetic mean 8 
     Z     = the 95th percentile of the standard normal deviation 9 


    σ̂    =  arithmetic standard deviation 10 
f The arithmetic average of the natural logs of the absorbed doses for drip irrigation applicators working on tarped raised beds. 11 
g The arithmetic average of the natural logs of the absorbed doses for  drip irrigation hole punchers. 12 
h The arithmetic average of the natural logs of the absorbed doses for drip irrigation planters. 13 
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Table 3.  One-hour daytime air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 lb/acre. 1 
 2 


Distance 
(m) 


Guadalupe 
Shank Bed/Tarp 


(µg/L) 


Manteca 
Shank/Broadcast/Tarp


(µg/L) 


Oxnard 
Shank/Bed/Tarp 


(µg/L) 


LaSelva Beach 
Drip/Tarp 


(µg/L) 


Camarillo 
Drip/Tarp 


(µg/L) 


Guadalupe 
Drip/Tarp 


(µg/L) 
3 10.8 17.9 28.3 11.1 18.4 28.1 


15 10.1 16.8 26.4 10.3 17.2 26.2 
30 9.3 15.4 24.3 9.5 15.8 24.1 
91 6.6 11.0 17.3 6.8 11.3 17.2 


152 5.3 8.9 14.0 5.5 9.1 13.9 
760 2.2 3.6 5.7 2.2 3.7 5.7 


 3 
 4 
Table 4.  Eight-hour daytime air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 lb/acre. 5 
 6 


Distance 
(m) 


Guadalupe 
Shank/Bed/Tarp 


(µg/L) 


Watsonville 
Shank/Broadcast/Tarp


(µg/L) 


Manteca 
Shank/Broadcast/Tarp


(µg/L) 


Oxnard 
Shank/Bed/Tarp


(µg/L) 


LaSelva Beach
Drip/Tarp 


(µg/L) 


Camarillo 
Drip/Tarp 


(µg/L) 


Guadalupe 
Drip/Tarp 


(µg/L) 
3 9.7 8.4 11.7 14.1 10.5 11.7 19.3 


15 9.0 7.8 10.9 13.1 9.8 10.9 18.0 
30 8.3 7.2 10.0 12.1 9.0 10.0 16.6 
91 5.9 5.1 7.2 8.6 6.4 7.2 11.9 


152 4.8 4.1 5.8 6.9 5.2 5.8 9.5 
760 2.0 1.7 2.4 2.8 2.1 2.4 3.9 


 7 
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Table 5.  Twenty-four-hour air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 lb/acre. 1 
 2 


Distance 
(m) 


Guadalupe 
Shank/Bed/Tarp 


(µg/L) 


Watsonville 
Shank/Broadcast/Tarp


(µg/L) 


Manteca 
Shank/Broadcast/Tarp


(µg/L) 


Oxnard 
Shank/Bed/Tarp


(µg/L) 


LaSelva Beach
Drip/Tarp 


(µg/L) 


Camarillo 
Drip/Tarp 


(µg/L) 


Guadalupe 
Drip/Tarp 


(µg/L) 
3 3.7 2.2 3.0 4.9 2.4 3.1 4.3 


15 3.4 2.0 2.7 4.5 2.2 2.8 3.9 
30 2.9 1.7 2.3 3.8 1.9 2.4 3.3 
91 2.0 1.1 1.6 2.6 1.3 1.6 2.3 


152 1.6 0.9 1.2 2.1 1.0 1.3 1.8 
760 0.5 0.3 0.4 0.7 0.4 0.4 0.6 


 3 
 4 
 5 
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APPENDIX III 1 
 2 


Comparison of DPR’s Exposure Estimates with the Exposure Estimates  3 
in U.S. EPA’s Registration Eligibility Documents 4 


 5 
 6 
Occupational Exposure Estimates  7 
 8 
U.S. EPA utilized 11 job categories for estimating occupational exposures to MI as a pre-plant 9 
soil fumigant (USEPA, 2006).  The U.S. EPA approach to estimating occupational exposures 10 
was somewhat different than DPR’s.  (1) In the studies submitted by the methyl iodide registrant, 11 
each worker wore duplicate samplers.  DPR considered the average of the two samplers as a 12 
single replicate.  U.S. EPA used each sampler as a replicate.  (2) The application rates used in the 13 
studies were different than the maximum application rate on the proposed labels.  DPR adjusted 14 
the exposures to reflect the maximum application rate.  U.S. EPA did not adjust for the 15 
maximum application rate.  (3) DPR used the field spikes to make its own adjustment for 16 
recovery and analytical technique.  U.S. EPA used the registrant’s calculated field spike 17 
adjustments.  (4) DPR calculated an upper-bound for an acute 8-hour exposure for workers.  18 
DPR uses a statistical approach to exposure rather than using just the high values because worker 19 
exposures are repetitive as well as acute.  Consequently, a statistical treatment is necessary to 20 
estimate the average repetitive exposure.  In some instances the upper-bound values exceeded the 21 
highest measured value.  U.S. EPA used the maximum measured air concentration of MI to 22 
represent the acute 8-hour exposure for workers.  (5) DPR used the arithmetic mean air 23 
concentration of MI to represent the seasonal exposure of workers.  U.S. EPA did not estimate 24 
seasonal exposures of workers.  (6) U.S. EPA estimated the protective effect of respiratory 25 
protection on the exposure of workers to the maximum measured air concentration of MI.  DPR 26 
factored in respiratory protection in the exposure estimates for workers once the required PPE 27 
was on the labels.  U.S. EPA did not examine those scenarios.  Worker exposures estimated by 28 
U.S. EPA are presented in Table 1.  A comparison of the 8-hour acute air concentrations, 29 
estimated by DPR and U.S. EPA, is presented in Table 2. 30 
 31 
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Table 1. Methyl iodide (MI) worker exposure associated with pre-plant agricultural field 1 
fumigation. a 2 


Application method Work Task Maximum MI Conc.
(ppm) 


Maximum MI 
Concentration with PPEb


(ppm) 
  Raised Bed   Tractor driver 1.029 0.103 
  Raised Bed, Flat Fume   Co-pilot 0.648 0.065 
  Raised Bed   Shoveler 0.76 0.076 
  Raised Bed   Tarp monitor 1.11 0.111 
  Raised Bed   Hole puncher 0.07 0.007 
  Raised Bed, Flat Fume, 
  Drip Irrigation 


  Planter 0.007 0.0007 


  Flat Fume   Tractor driver 0.024 0.0024 
  Flat Fume   Shoveler 0.117 0.012 
  Flat Fume   Tarp cutter 0.006 0.0006 
  Flat Fume   Tarp remover 0.013 0.0013 
  Flat Fume   Tarp remover friver 0.024 0.0024 
  Drip Irrigation   Drip applicator 0.240 0.024 
  Drip Irrigation   Drip line tender 0.147 0.0147 
  Drip Irrigation   Hole puncher 0.017 0.0017 


a From Table 12 in (USEPA, 2006). PPE = personal protective equipment 3 
b Assumes an applicator is wearing air purifying organic vapor removing respirators with a 10-fold protection 4 


factor. 5 
 6 
Table 2. Comparison of acute occupational exposures to methyl iodide in pre-plant field 7 


fumigation as estimated by DPR and U.S. EPA. 8 
Work Task DPR Estimated Exposure 


Concentration; No PPE 
(ppm) a 


U.S. EPA Estimated Exposure 
Concentration; No PPE 


(ppm) a 


Shallow shank-tarped soil fumigation (broadcast and bedded)  
Applicators (using shanks, 10-12") 1.51 1.03 
Shovelmen and Shovelers 1.09 0.76 
Tarp Monitors 3.75 1.11 
Tarp Hole Punchers, Cutters, and 
Removers 


0.16 0.07 


Planters 0.01 0.007 


Tarped-bed fumigation drip irrigation 
Applicator 0.25 0.24 
Hole Puncher 0.02 0.02 
Planter 0.01 0.007 
a Assumes 8 hours of exposure at the indicated concentrations. PPE = personal protective equipment 9 
 10 
 11 
Comparison of Calculated Air Concentrations  12 
 13 
U.S. EPA used both the ISCST3 model and the Probabilistic Exposure and Risk model for 14 
Fumigants (PERFUM) to evaluate distributional bystander exposure from data derived from 15 
fumigation studies conducted in California, Florida, and Michigan (USEPA, 2006).    U.S. EPA 16 
used ISCST3 as the basis to estimate the margins of exposure at various distances from 17 
fumigated fields of either 1 acre or 40 acres at distances of 25 to 1000 meters, assuming various 18 
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atmospheric conditions.  The MOEs were estimated from the calculated air concentrations of 1 
methyl iodide at various study sites.  Table 3 presents the U.S. EPA estimated air concentrations 2 
of methyl iodide at 25 meters (~81 ft) from fumigated fields at each of the study sites.   3 
 4 
Table 3. U.S. EPA estimated 24-hr time weighted average air concentrations of methyl 5 


iodide (MI) at 25 meters from 40 acre fumigated fields at various California 6 
study sites. 7 


Study Site Application Method Margin of Exposurea MI Concentrationb 
(ppm) 


 Manteca Broadcast, shank 
injection, flat fume 


17 0.17 


 Watsonville Broadcast, shank 
injection, flat fume 


10 0.29 


 Oxnard Raised bed, shank 
injection 


9 0.32 


  La Selva Drip irrigation, raised 
bed 


12 0.24 


a Assumes C atmospheric conditions (wind speed of 1.4 m/s). 8 
b Back calculated from the margin of exposure using U.S. EPA’s toxicological endpoint of a No Observed Effect 9 


Level = 2.9 ppm (USEPA, 2006).  10 
 11 
Thus, the U.S. EPA estimated 24-hour time-weighted-average MI air concentration is 0.26 ppm 12 
at 80 feet from a fumigated 40-acre field, while DPR estimated the 24-hour time weighted 13 
average air concentration at 0.6 ppm at 100 feet.  The difference in the estimated 24-hour time 14 
weighted average air concentrations between DPR and U.S. EPA is due in part, but not entirely 15 
to differences in the calculated 24-hour emission ratios (the highest proportion of the applied 16 
mass lost in a 24-hour period).  DPR’s emission ratios for Manteca, Watsonville, Oxnard and La 17 
Selva were 0.51, 0.37, 0.84, and 0.42, respectively.  U.S. EPA’s emission ratios for the same 18 
locations were 0.47, 0.35, 0.37, and 0.51, respectively.  Further, the difference in methods 19 
(U.S.EPA used the whole field approach) also caused differences in the respective estimates. 20 
 21 
 22 
Why DPR Does Not Use the PERFUM Model 23 
 24 
ISCST3 is an integral part of the PERFUM model. As a result, many of the inputs used for 25 
PERFUM are similar to those used for the ISCST3 analysis (e.g., field sizes and back-calculated 26 
flux rates). The key difference is that PERFUM incorporates 5 years of meteorological data to 27 
generate a distribution of daily average concentrations that represent the possible range of 28 
downwind air concentrations based on changing wind vectors from the measured data in a series 29 
of receptor locations. 30 
 31 
The U.S. EPA Science Advisory Panel (SAP) concluded in their review that, in concept, the 32 
PERFUM model was reasonable.  However, the SAP did not perform an in-depth assessment of 33 
the reliability of the PERFUM front and back end processing code as it was not their charge.  34 
DPR has made a practice of thoroughly evaluating air dispersion models before utilizing them in 35 
risk assessment.  Although the ISCST3 model has been thoroughly evaluated at DPR, the 36 
PERFUM components had not at the time this exposure assessment was completed.  Therefore, 37 
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only screening level air concentration estimates have been used for the DPR methyl iodide 1 
exposure assessment. 2 
 3 
Buffer Zones 4 
 5 
In a second iteration of a draft risk assessment for MI (USEPA, 2007), U.S. EPA estimated 6 
“whole field” buffer zone distances near 40-acre fields using the PERFUM model and “target 7 
concentrations” derived from various acute toxicological endpoints.  The U.S. EPA buffer zone 8 
distances were expressed as the distance from the edge of a treated field to a point chosen at 9 
random where there was a 99% probability that the TWA air concentration of MI would be less 10 
than or equal to a target concentration.  A target concentration was defined as that air 11 
concentration of MI which when divided into a toxicological No Observed Adverse Effect Level 12 
(NOAEL) from a laboratory animal study, yielded a number equal to or greater than the 13 
appropriate uncertainty factors. 14 
 15 
This whole field, probabilistic approach differs from DPR’s maximum direction approach (Barry 16 
and Johnson, 2008).  The two approaches were compared using air concentration data from 20-17 
acre field fumigations with methyl bromide (24-hr TWA), metam sodium (8-hr TWA), and 18 
chloropicrin (4-hr TWA).  With each set of data, the PERFUM model was used to establish the 19 
whole field buffer zones where any random point on the periphery had a 99% probability that the 20 
fumigant air concentration would be equal to or less than a target concentration.  The PERFUM 21 
model was also used for the maximum direction approach for each of these fumigants.  This 22 
latter analysis indicates that a 99% whole field buffer zone only guarantees that over 5 years, at 1 23 
application per year, if a single receptor is picked at random from the generalized distribution of 24 
air concentrations at the whole field buffer zone distance (independent of the individual 25 
applications), there will be a 1% chance that the air concentration at that receptor will be greater 26 
than the threshold concentration. The whole field buffer zone method does not control the per 27 
application buffer zone failure rate. That per application failure rate is unknown and depends 28 
upon the application method, the flux profile of the fumigant, the averaging time of the 29 
threshold, and the application size. The 99% whole field buffer zone per application failure rates 30 
were 12 to 14% for methyl bromide (24-hr TWA), 7.5% to 22% for metam sodium (8-hr TWA), 31 
and 10% to 29% for chloropicrin (4-hr TWA). 32 
 33 
Intermediate and Annual Bystander Exposure Estimates 34 
 35 
U.S. EPA did not include an estimate of potential community exposures from area-wide 36 
applications (USEPA, 2006; USEPA, 2007).  However, USEPA did remark that “…HED (U.S. 37 
EPA’s Health Effects Division) has compared iodomethane to the ambient air levels that were 38 
quantified for methyl bromide using physical chemical properties and environmental fate 39 
characteristics. Based on this comparison, HED believes there is less potential for exposure with 40 
iodomethane than with methyl bromide because of the environmental fate characteristics of 41 
iodomethane relative to methyl bromide (i.e., iodomethane dissipates/degrades faster in the 42 
environment).” 43 
 44 
DPR used a 2-week average air concentration of MI from a treated field at the buffer zone to 45 
simulate a resident bystander’s seasonal exposure.  This estimated air concentration, 70+18 ng/L, 46 
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was close to the measured average (2 week) air concentration of methyl bromide (46 ng/L) in 1 
communities where methyl bromide is used as a pre-plant field fumigant (Thongsinthusak and 2 
Haskell, 2002). 3 
   4 
 5 
 6 
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ABSTRACT 1 
 2 

Methyl iodide is a new active ingredient that is being proposed as a pre-plant fumigant to 3 
control pests in soil.  With the phase-out of methyl bromide use (USEPA, 1993), methyl 4 
iodide is actively being developed as an alternative in pre-plant soil fumigation.  USEPA 5 
has approved the use of methyl iodide, but the chemical is not currently registered for use 6 
in California. 7 
 8 
The expected primary route of exposure to methyl iodide for humans is through inhalation 9 
due to the chemical’s high vapor pressure.  Acute (8-hour) and long-term exposures of 10 
workers and bystanders to methyl iodide were estimated using air concentrations detected 11 
in chemical-specific studies performed at super- and sub-maximal application rates.  12 
Measured air concentrations of methyl iodide were adjusted to reflect the maximal label-13 
approved application rates.  Label-required buffer zones and respiratory personal 14 
protective equipment or engineering controls for applicators were also factored in before 15 
worker and bystander exposures were calculated. 16 
 17 
Acute exposures from tasks performed by fumigation workers, expressed as absorbed 18 
daily dosage, ranged from 2.7 µg/kg-day for planters to 213.2 µg/kg-day for tarp 19 
monitors.  Seasonal absorbed daily dosages ranged from 0.6 µg/kg-day for planters to 26.2 20 
µg/kg-day for applicators.  Theoretical long-term or annual absorbed daily dosages ranged 21 
from 0.1 µg/kg-day for planters to 6.6 µg/kg-day for applicators.  22 
 23 
Each bystander exposure scenario is for a 40-acre field and an individual that is 152m 24 
(400 ft) from the edge of the field.  Acute (8-hour) exposures arising from tasks performed 25 
by non-fumigation workers or other adult bystanders in fields at the 152 m (400 ft) label-26 
required buffer zone near previously fumigated tarped fields, ranged from 325 µg/kg-day 27 
to 882 µg/kg-day.  Potential acute (24-hr) exposures of resident bystanders to application 28 
site concentrations of methyl iodide at the 152 m (400 ft) buffer zone near 40-acre fields 29 
fumigated by different methods ranged from 278 µg/kg-day (adults) to 969 µg/kg-day 30 
(infants).  Seasonal exposures of resident bystanders immediately outside the buffer zone 31 
ranged from 19 µg/kg-day (adults) to 40 µg/kg-day (infants).  Theoretical, amortized 32 
annual exposure of bystanders to the potential ambient air concentrations of methyl iodide 33 
near fumigated fields ranged from 5 to 10 µg/kg-day for adults and infants, respectively. 34 
 35 

36 
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I. Chemical Description 

H

C

H

H I

 
Chemical Name (CAS) Iodomethane 
  
Common Name Methyl Iodide 
  
CAS Registry Number 74-88-4 
  
Molecular Formula CH3I 
  
Molecular Weight 141.95 
 
Iodomethane, an alkyl halide, is a colorless to pale yellow liquid with an acrid odor.  It is 
stable at room temperature in sealed containers, non-corrosive to metals, and 
incompatible with strong oxidizing and reducing agents.  On exposure to light, 
discoloration occurs due to decomposition and the liberation of free iodine.  When heated 
to decomposition in air at 270 ºC, toxic iodine vapors are emitted.  Iodomethane is 
soluble in water, and is miscible with alcohol and ether (DPR, 2002a; DPR, 2002f; 
Lewis, 1991; Meister, 2004; O’Neil, 2001).  Additional physical and chemical properties 
are summarized in Table 1.  Wildlife toxicity data are summarized in Table 2. 
 
Table 1. Physical and chemical properties of iodomethane (DPR, 2002a; DPR, 2002f; 

DPR, 2002h, DPR, 2002i). 
 
Physical/Chemical Property Value 
Melting Point -66.1 ºC 
  
Boiling Point 42 ºC 
  
Vapor Pressure 398 mmHg (25 ºC) 
  
Water Solubility 1.42 x 104 ppm (25 ºC) 
  
Henry’s Law Constant (Kh) 0.0054 atm-m3/mol (25 ºC) 
  
Ozone Depletion Potential 0.0015 
  
Atmospheric Lifetimes (τ) 5.2 days (uniform emission at all latitudes) 

1 



From: Susan Kegley
To: Froines, John; Elinor Fanning;
Subject: [Fwd: methyl iodide]
Date: Friday, July 03, 2009 5:26:52 AM
Attachments: MeI_pressInfoDRAFT.doc

Attached Message Part.txt

PROBLEMS!!! We are working on this here, but wanted to give you a heads up.
Whatever you can do from that end would be welcome.

-------- Original Message --------
Subject:methyl iodide
Date:Thu, 2 Jul 2009 22:41:20 -0700
From:Anne <akatten@cal.net>
To:Tracey Brieger <tracey@igc.org>, skegley@pesticideresearch.com, Alegria

De La Cruz <Alegria@crpe-ej.org>, Martha Guzman Aceves
<mguzmanaceves@crlaf.org>, Kathryn Gilje <kathryn@panna.org>

To follow-up on today's  conversations and messages, today a DPR  
scientist and another state scientist called to alert me that the Govs  
office is now bowing to industry pressure and di o   
register methyl iodide soon. Reportedly MAW and  were  
raked over the coals about this and got a memo d  to  
register it but really don't want to register it. Industry is also up  
in arms that Froines will be reviewing the chloropicrin TAC report and  
the methyl iodide risk assessment and the Gov may try to pull  
something with the budget to stop these reviews. A guy in the Gov  
office named o also was very n LBAM is very  
involved but , J Moffatt and  are all in  
agreement.  ces said he thou gistration could  
be completed in as little as several weeks.

I spoke briefly with  and he said he sent an email to J  
Moffatt several days  him know that Dr. Bergman? would be  
calling to set up an appt th the Gov office. I just wanted to be  
sure you understood that  himself isn't working on setting up such  
an appt.

We need to get press  but I don't know the best reporters to approach.  
I tried to extract some key pts from the draft letter in the attached  
and add a few points from DPR's draft risk assessment.

Anyhow we should really move on this Monday. I guess the legislators  
letter should go forward but I don't think it will help that much and  
a lot of times that last signature phase takes a while.

Anne

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
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Why the California Department of Pesticide Regulation must refuse to register Methyl Iodide as a soil fumigant


The Bush EPA registered this chemical for soil fumigation despite strong objections from eminent scientists


Last year, US EPA fast-tracked registration of methyl iodide (a Proposition 65 carcinogen) for use as a soil fumigant despite serious concerns raised by a group of over 50 eminent scientists, including two Nobel Laureates. These scientists sent a letter to USEPA stating "As chemists and physicians familiar with the effects of this chemical, we are concerned that pregnant women and the fetus, children, the elderly, farm workers and other people living near application sites would be at serious risk if methyl iodide is permitted for use in agriculture." The letter goes on to explain     " Because of methyl iodide's high volatility and water solubility, broad use of this chemical in agriculture will guarantee substantial releases to air, surface waters and groundwater, and will result in exposures for many people. In addition to the potential for increased cancer incidence, US EPA's own evaluation of the chemical also indicates that methyl iodide causes thyroid toxicity, permanent neurological damage, and fetal losses in experimental animals." The letter concludes,  "It is astonishing that the Office of Pesticide Programs (of USEPA) is working to legalize broadcast releases of one of the more toxic chemicals used in manufacturing into the environment." 


To it’s credit, California’s Department of Pesticide Regulation has held off registration and has completed a draft risk assessment that reviews methyl iodide’s toxicity and environmental hazards and scheduled an outside peer review of this work. The draft risk assessment prepared by CDPR details serious health risks of methyl iodide exposure. DPR toxicologists  explain that iodide in concentrated in the mammary gland so nursing infants would receive excess iodide exposure through breast milk if their mothers were exposed to methyl iodide (vol 1 pg 151). The toxicologists conclude that methyl iodide in an endocrine disrupter that can upset maternal and fetal thyroid function. The chemical  causes thyroid tumors in rats and humans are assumed more sensitive to this oncogenicity. Methyl iodide air concentration estimated for human exposure under proposed use conditions will result in significant risks for workers and the general population with reduction of exposure up to 3,000 fold needed for some proposed soil fumigation use scenarios. (vol 1 Conclusion pg 155) 


Controlling exposure to this degree is simply not feasible or realistic – Need to look up more info from exposure part of risk assessment..


According to unnamed sources, representatives from the pesticide manufacturers and agricultural industry have been meeting with the Governor’s office to demand faster registration of Midas, a methyl iodide and chloropicrin fumigation product, by the end of the summer. The same sources indicate that the Governor’s office has by memo directed the Department of Pesticide Regulation to register methyl iodide by a certain date, apparently regardless of findings of the draft risk assessment or peer review.


Methyl iodide is so toxic that scientists working with it take precautions to use methyl iodide in a ventilation hood in very small quantities. In contrast, if registered as a soil fumigant, methyl iodide would be applied in agricultural fields at rates up to 275 pounds per acre, and as a gas it would drift away from the application site, and expose neighboring residents and farmworkers in nearby fields.  Methyl iodide is a threat to air and water supplies and has been linked to very serious illnesses including cancer, developmental toxicity, immune system and neurological problems. 


Methyl iodide can cause cancer and other very serious illnesses


The state of California lists methyl iodide as a carcinogen under Proposition 65. Methyl iodide reacts rapidly with DNA to cause mutations, and the presence of iodine in methyl iodide results in particularly damaging levels being sequestered in the thyroid gland, causing cancers of the thyroid in laboratory animals. 


.


In addition to the thyroid tumors observed in the study, large and significant changes were observed in thyroid hormone levels, which are intimately tied to metabolic disorders, immune function, and developmental disorders of the fetus leading to miscarriages in laboratory animals. Other animal studies demonstrate that exposure to methyl iodide causes respiratory tract lesions and neurological effects.


Methyl iodide is a threat to state groundwater supplies


In California, thousands of drinking water wells are already contaminated with the banned, extremely toxic fumigants DBCP and EDB. We can not afford to place our scarce water resources at risk of further contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to ground water, especially if it rains soon after fumigation tarps are removed. In a recently published study, scientists from USDA and UC Riverside concluded that methyl iodide may pose a risk of groundwater contamination in vulnerable areas.


Growers do not need methyl iodide

The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide from the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out production and use of ozone-depleting substances. Yet prior to the introduction of methyl iodide, growers were exploring a variety of non-fumigant methods for controlling soil pests. 
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Why the California Department of Pesticide Regulation must refuse to register Methyl Iodide as a soil 
fumigant 
  
The Bush EPA registered this chemical for soil fumigation despite strong objections from eminent 
scientists 
Last year, US EPA fast-tracked registration of methyl iodide (a Proposition 65 carcinogen) for use as a soil 
fumigant despite serious concerns raised by a group of over 50 eminent scientists, including two Nobel 
Laureates. These scientists sent a letter to USEPA stating "As chemists and physicians familiar with the 
effects of this chemical, we are concerned that pregnant women and the fetus, children, the elderly, farm 
workers and other people living near application sites would be at serious risk if methyl iodide is permitted for 
use in agriculture." The letter goes on to explain     " Because of methyl iodide's high volatility and water 
solubility, broad use of this chemical in agriculture will guarantee substantial releases to air, surface waters 
and groundwater, and will result in exposures for many people. In addition to the potential for increased 
cancer incidence, US EPA's own evaluation of the chemical also indicates that methyl iodide causes thyroid 
toxicity, permanent neurological damage, and fetal losses in experimental animals." The letter concludes,  "It 
is astonishing that the Office of Pesticide Programs (of USEPA) is working to legalize broadcast releases of 
one of the more toxic chemicals used in manufacturing into the environment."  
 
To it’s credit, California’s Department of Pesticide Regulation has held off registration and has 
completed a draft risk assessment that reviews methyl iodide’s toxicity and environmental hazards and 
scheduled an outside peer review of this work. The draft risk assessment prepared by CDPR details serious 
health risks of methyl iodide exposure. DPR toxicologists  explain that iodide in concentrated in the mammary 
gland so nursing infants would receive excess iodide exposure through breast milk if their mothers were 
exposed to methyl iodide (vol 1 pg 151). The toxicologists conclude that methyl iodide in an endocrine 
disrupter that can upset maternal and fetal thyroid function. The chemical  causes thyroid tumors in rats and 
humans are assumed more sensitive to this oncogenicity. Methyl iodide air concentration estimated for human 
exposure under proposed use conditions will result in significant risks for workers and the general population 
with reduction of exposure up to 3,000 fold needed for some proposed soil fumigation use scenarios. (vol 1 
Conclusion pg 155)  
 
Controlling exposure to this degree is simply not feasible or realistic – Need to look up more info from 
exposure part of risk assessment.. 
According to unnamed sources, representatives from the pesticide manufacturers and agricultural 
industry have been meeting with the Governor’s office to demand faster registration of Midas, a methyl 
iodide and chloropicrin fumigation product, by the end of the summer. The same sources indicate that 
the Governor’s office has by memo directed the Department of Pesticide Regulation to register methyl 
iodide by a certain date, apparently regardless of findings of the draft risk assessment or peer review. 
  
Methyl iodide is so toxic that scientists working with it take precautions to use methyl iodide in a ventilation 
hood in very small quantities. In contrast, if registered as a soil fumigant, methyl iodide would be applied in 
agricultural fields at rates up to 275 pounds per acre, and as a gas it would drift away from the application site, 
and expose neighboring residents and farmworkers in nearby fields.  Methyl iodide is a threat to air and water 
supplies and has been linked to very serious illnesses including cancer, developmental toxicity, immune 
system and neurological problems.  
 
Methyl iodide can cause cancer and other very serious illnesses 
The state of California lists methyl iodide as a carcinogen under Proposition 65. Methyl iodide reacts rapidly 
with DNA to cause mutations, and the presence of iodine in methyl iodide results in particularly damaging 



  
. 
 
In addition to the thyroid tumors observed in the study, large and significant changes were observed in thyroid 
hormone levels, which are intimately tied to metabolic disorders, immune function, and developmental 
disorders of the fetus leading to miscarriages in laboratory animals. Other animal studies demonstrate that 
exposure to methyl iodide causes respiratory tract lesions and neurological effects. 
 
 
 
Methyl iodide is a threat to state groundwater supplies 
In California, thousands of drinking water wells are already contaminated with the banned, extremely toxic 
fumigants DBCP and EDB. We can not afford to place our scarce water resources at risk of further 
contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to ground water, 
especially if it rains soon after fumigation tarps are removed. In a recently published study, scientists from 
USDA and UC Riverside concluded that methyl iodide may pose a risk of groundwater contamination in 
vulnerable areas. 
 
Growers do not need methyl iodide 
The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide from 
the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out production 
and use of ozone-depleting substances. Yet prior to the introduction of methyl iodide, growers were exploring 
a variety of non-fumigant methods for controlling soil pests.  
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From: Susan Kegley
To: Robert Bergman; Froines, John; Elinor Fanning;
Subject: [Fwd: Re: methyl iodide]
Date: Friday, July 03, 2009 10:06:01 AM

FYI, it looks like the governor thinks he CAN cancel the SRP review on the basis of
the fact that all CA contracts are frozen because of budget issues. Arrgggghhh.

-------- Original Message --------
Subject:Re: methyl iodide
Date:Fri, 3 Jul 2009 16:08:21 +0000
From:mguzmanaceves@crlaf.org

Reply-To:mguzmanaceves@crlaf.org
To:Anne Katten <akatten@cal.net>,

skegley@pesticideresearch.com, Alegria De La Cruz <Alegria@crpe-
ej.org>, Kathryn Gilje <kathryn@panna.org>

References:<33A623D8-3123-4F98-9423-8423F41B5CC2@cal.net>

I spoke to maryann warmerdam and she said that they the governor is hearing 
from industry and that we should be getting into 
the governor's office on this. She also said that they had laid out a 
process with a scientific review and that bc that is a 
"contractual" process they are not allowed to do so right now bc the 
Governor has a freeze on state contracts. 
I also emailed John Moffatt and told him what I was hearing and that it was 
a huge mistake bc of the risks -which I laid out.
W do need to meet with them and we need to get Dr. Bergman in there asap.
Didnt someone volunteer to do this on the call earlier this week? 
Sent via BlackBerry by AT&T

-----Original Message-----
From: Anne <akatten@cal.net>

Date
To: ; <skegley@pesticideresearch.com>; Alegria 
De L artha Guzman 
Aceves<mguzmanaceves@crlaf.org>; Kathryn Gilje<kathryn@panna.org>
Subject: methyl iodide

To follow-up on today's  conversations and messages, today a DPR  
scientist and another state scientist called to alert me that the Govs  
office is now bowing to industry pressure and di o   
register methyl iodide soon. Reportedly MAW and  were  
raked over the coals about this and got a memo d  to  
register it but really don't want to register it. Industry is also up  
in arms that Froines will be reviewing the chloropicrin TAC report and  
the methyl iodide risk assessment and the Gov may try to pull  
something with the budget to stop these reviews. A guy in the Gov  
office named  also was very n LBAM is very  
involved but  J Moffatt and  are all in  
agreement.  O es said he thou gistration could  
be completed in as little as several weeks.

I spoke briefly with  and he said he sent an email to J  
Moffatt several days  him know that Dr. Berman? would be  
calling to set up an appt th the Gov office. I just wanted to be  
sure you understood that  himself isn't working on setting up such  
an appt.

We need to get press  but I don't know the best reporters to approach.  
I tried to extract some key pts from the draft letter in the attached  
and add a few points from DPR's draft risk assessment.

Anyhow we should really move on this Monday. I guess the legislators  
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letter should go forward but I don't think it will help that much and  
a lot of times that last signature phase takes a while.

Anne

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.
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From: Susan Kegley
To: Froines, John; Elinor Fanning; 
Subject: letter from Bergman requesting a meeting
Date: Friday, July 03, 2009 1:06:05 PM
Attachments: MeI_9_21_07c-Johnson.doc

Hi John, Elinor and ,

Here is what Bergman sent to the Governor's staff. They have all opened the email
(and presumably read it). We're just waiting now to hear. The media machine at
PAN and CPR is going into high gear on Monday morning. 

I'd like to do a call, but am only available until about 2:45 your time. I'm on the east
coast visiting my family (of COURSE, this is when all hell breaks loose!) and cell
reception and internet access is spotty, but we can try.

Susan

-------- Original Message --------
Subject:methyl iodide fumigant registration
Date:Fri, 03 Jul 2009 12:37:10 -0700
From:Robert G. Bergman <rbergman@berkeley.edu>
To:susan.kennedy@gov.ca.gov, michael.prosio@gov.ca.gov
CC:john.moffatt@gov.ca.gov

Dear Ms. Kennedy and Mr. Prosio:

I am deeply concerned about the possibility that methyl iodide 
(iodomethane) may be registered as a new fumigant pesticide in 
California. I and 53 other chemists who are members of the National 
Academy of Sciences wrote to EPA expressing our concerns about this 
chemical prior to its registration and asking for a much more thorough 
scientific evaluation of its toxicity. This letter is attached for your 
information.

As chemists, my coworkers and I work with this substance in the 
laboratory. Alkylating agents like methyl iodide are extraordinarily 
well-known cancer hazards in the chemical community because of their 
ability to modify the chemist’s own DNA, as well as the target molecule 
in the flask, leading to mutations that are potentially very harmful. 
Because of this potential toxicity, chemists who work with this material 
use the smallest amounts possible and take great precautions to avoid 
exposure. Because of methyl iodide’s high volatility and water 
solubility, broad use of this chemical in agriculture will guarantee 
substantial releases to air, surface waters and groundwater, and will 
result in exposures for many people. In addition to the potential for 
increased cancer incidence, CA DPR's own evaluation of the chemical also 
indicates that methyl iodide causes thyroid toxicity, permanent 
neurological damage, and fetal losses in experimental animals.

I and several others representing the scientific community and the 
communities of people who would be exposed to this chemical would like 
to urgently request a meeting with you both to discuss the likely 
impacts of a decision to allow registration of methyl iodide. I am 
available for a meeting the following days next week:

Tuesday, July 7 (any time)
Wednesday, July 8 (any time)
Thursday, July 9 (any time)
Friday, July 10 (any time)

If these times are not good for you, there are also times during the 

mailto:skegley@pesticideresearch.com
mailto:jfroines@ucla.edu
mailto:efanning@ucla.edu
mailto:rbergman@berkeley.edu
mailto:susan.kennedy@gov.ca.gov
mailto:michael.prosio@gov.ca.gov
mailto:john.moffatt@gov.ca.gov

[image: image1.png][image: image3.wmf][image: image4..pict]

PAGE  



September 25, 2007


Mr. Stephen Johnson, Administrator


United States Environmental Protection


112 Hart Senate Office Bldg.


Washington, DC 20510

Dear Mr. Johnson,


We are writing to urgently request your assistance in preventing the registration of methyl iodide for use as a soil fumigant. As chemists, toxicologists and physicians familiar with the effects of this chemical, we are concerned that pregnant women and the unborn fetus, children, the elderly, farm workers, and other people living near application sites would be at serious risk if methyl iodide is permitted for use in agriculture (80-275 pounds per acre). 


We have several concerns about a decision that would allow indiscriminate release of methyl iodide into the environment, summarized below.


Methyl iodide is a highly reactive chemical used in some industrial processes and in research laboratories for the synthesis of new molecules. Alkylating agents like methyl iodide are extraordinarily well-known cancer hazards in the chemical community because of their ability to modify the chemist’s own DNA, as well as the target molecule in the flask, leading to mutations that are potentially very harmful. Because of this potential toxicity, chemists who work with this material use the smallest amounts possible and take great precautions to avoid exposure. Because of methyl iodide’s high volatility and water solubility, broad use of this chemical in agriculture will guarantee substantial releases to air, surface waters and groundwater, and will result in exposures for many people. In addition to the potential for increased cancer incidence, U.S. EPA’s own evaluation of the chemical also indicates that methyl iodide causes thyroid toxicity, permanent neurological damage, and fetal losses in experimental animals. EPA’s exposure assessment suggests that the Agency is willing to accept exposures at levels that may cause these effects in humans up to five percent of the time near the application site. 


We are skeptical of U.S. EPA’s conclusion that the high levels of exposure to methyl iodide that are likely to result from broadcast applications are “acceptable” risks. U.S. EPA has made many assumptions about toxicology and exposure in the risk assessment that have not been examined by independent scientific peer reviewers for adequacy or accuracy. Additionally, none of U.S. EPA’s calculations account for the extra vulnerability of the unborn fetus and children to toxic insults. We know that developing organisms are generally more sensitive than adults, yet no additional safety factors were applied to account for this sensitivity, as is usual for most pesticides. In fact, based on results from a questionable model of how the pesticide is detoxified by the body, U.S. EPA has actually decreased the size of the safety factors that typically add some level of protection from exposures to pesticides.


Finally, we are perplexed that U.S. EPA would even consider the introduction of a chemical like methyl iodide into agricultural use. The Agency has spent a great deal of effort to reduce industrial toxic emissions from chemical manufacturing plants. It is astonishing then that the Office of Pesticide Programs is working to legalize broadcast releases of one of the more toxic chemicals used in manufacturing into the environment.


As members of the scientific community, we urge you to do whatever is possible to prevent this chemical from ever becoming a registered pesticide. 


Thank you for your consideration. Please note that titles and affiliations of the signatories below are for identification only. Opinions are personal and not institutional.


Sincerely yours,


		[image: image5.png]

Robert G. Bergman 


Gerald E. K. Branch Distinguished Professor


University of California, Berkeley


Member, National Academy of Sciences
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Roald Hoffmann 


Nobel Laureate, Chemistry 1981


Frank H. T. Rhodes Professor of Humane Letters


Cornell University


Member, National Academy of Sciences








		John B. Fenn


Virginia Commonwealth University


Nobel Laureate, Chemistry 2002


Member, National Academy of Sciences




		Williams S. Knowles


Nobel Laureate, Chemistry 2001


Member, National Academy of Sciences
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week of July 13 that we could be available.

Please let me know if you would be able to meet soon about this very 
important issue.

Sincerely,

Professor Robert G. Bergman
Gerald E. K. Branch Distinguished Professor of Chemistry
University of California, Berkeley

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.
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September 25, 2007 
 
 
 
Mr. Stephen Johnson, Administrator 
United States Environmental Protection 
112 Hart Senate Office Bldg. 
Washington, DC 20510 
 
Dear Mr. Johnson, 
 
We are writing to urgently request your assistance in preventing the registration of methyl iodide for use 
as a soil fumigant. As chemists, toxicologists and physicians familiar with the effects of this chemical, we 
are concerned that pregnant women and the unborn fetus, children, the elderly, farm workers, and other 
people living near application sites would be at serious risk if methyl iodide is permitted for use in 
agriculture (80-275 pounds per acre).  
 
We have several concerns about a decision that would allow indiscriminate release of methyl iodide into 
the environment, summarized below. 
 
Methyl iodide is a highly reactive chemical used in some industrial processes and in research laboratories 
for the synthesis of new molecules. Alkylating agents like methyl iodide are extraordinarily well-known 
cancer hazards in the chemical community because of their ability to modify the chemist’s own DNA, as 
well as the target molecule in the flask, leading to mutations that are potentially very harmful. Because of 
this potential toxicity, chemists who work with this material use the smallest amounts possible and take 
great precautions to avoid exposure. Because of methyl iodide’s high volatility and water solubility, broad 
use of this chemical in agriculture will guarantee substantial releases to air, surface waters and 
groundwater, and will result in exposures for many people. In addition to the potential for increased 
cancer incidence, U.S. EPA’s own evaluation of the chemical also indicates that methyl iodide causes 
thyroid toxicity, permanent neurological damage, and fetal losses in experimental animals. EPA’s 
exposure assessment suggests that the Agency is willing to accept exposures at levels that may cause 
these effects in humans up to five percent of the time near the application site.  
 
We are skeptical of U.S. EPA’s conclusion that the high levels of exposure to methyl iodide that are likely 
to result from broadcast applications are “acceptable” risks. U.S. EPA has made many assumptions about 
toxicology and exposure in the risk assessment that have not been examined by independent scientific 
peer reviewers for adequacy or accuracy. Additionally, none of U.S. EPA’s calculations account for the 
extra vulnerability of the unborn fetus and children to toxic insults. We know that developing organisms 
are generally more sensitive than adults, yet no additional safety factors were applied to account for this 
sensitivity, as is usual for most pesticides. In fact, based on results from a questionable model of how the 
pesticide is detoxified by the body, U.S. EPA has actually decreased the size of the safety factors that 
typically add some level of protection from exposures to pesticides. 
 
Finally, we are perplexed that U.S. EPA would even consider the introduction of a chemical like methyl 
iodide into agricultural use. The Agency has spent a great deal of effort to reduce industrial toxic 
emissions from chemical manufacturing plants. It is astonishing then that the Office of Pesticide 
Programs is working to legalize broadcast releases of one of the more toxic chemicals used in 
manufacturing into the environment. 
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As members of the scientific community, we urge you to do whatever is possible to prevent this chemical 
from ever becoming a registered pesticide.  
 
Thank you for your consideration. Please note that titles and affiliations of the signatories below are for 
identification only. Opinions are personal and not institutional. 
 
Sincerely yours, 

 
Robert G. Bergman  
Gerald E. K. Branch Distinguished Professor 
University of California, Berkeley 
Member, National Academy of Sciences 

 
Roald Hoffmann  
Nobel Laureate, Chemistry 1981 
Frank H. T. Rhodes Professor of Humane Letters 
Cornell University 
Member, National Academy of Sciences 
 

 
John B. Fenn 
Virginia Commonwealth University 
Nobel Laureate, Chemistry 2002 
Member, National Academy of Sciences 
 

Williams S. Knowles 
Nobel Laureate, Chemistry 2001 
Member, National Academy of Sciences 
 

Richard R. Ernst 
Professor Emeritus 
ETH Zürich 
Nobel Laureate, Chemistry 1991 
Foreign Associate, National Academy of Sciences 

Stephen R. Leone 
Professor of Chemistry and Physics 
Director, Chemical Dynamics Beamline 
Lawrence Berkeley National Laboratory 
Member, National Academy of Sciences 
 

C. Bradley Moore 
Vice President for Research 
Northwestern University 
Member, National Academy of Sciences 
 

Jerome A. Berson 
Sterling Professor Emeritus of Chemistry 
Yale University 
Member, National Academy of Sciences 

Peter Guy Wolynes 
Professor of Chemistry and Biochemistry 
University of California San Diego 
Member, National Academy of Sciences 
 

Brian M. Hoffman 
Professor of Chemistry 
Northwestern University 
Member, National Academy of Sciences 

Prof. Charles H. DePuy, Emeritus 
Department of Chemistry and Biochemistry 
University of Colorado, Boulder 
Member, National Academy of Sciences 
 

Richard J. Saykally 
Professor of Chemistry 
University of California Berkeley  
Member, National Academy of Sciences 

Clayton Heathcock 
Chief Scientist, QB3 Berkeley 
California Institute for Quantitative Biosciences 
University of California Berkeley 
Member, National Academy of Sciences 

John E. Bercaw 
Centennial Professor of Chemistry 
California Institute of Technology 
Member, National Academy of Sciences 
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Robert J. Silbey 
Professor of Chemistry 
Massachusetts Institute of Technology 
Member, National Academy of Sciences 
 

Bruce J. Berne 
Higgins Professor of Chemistry 
Columbia University 
Member, National Academy of Sciences 
 

Peter J. Stang 
Distinguished Professor of Chemistry 
University of Utah 
Member, National Academy of Sciences 
 

John S. Waugh 
Professor of Chemistry and Institute Professor 
Emeritus 
Massachusetts Institute of Technology 
Member, National Academy of Sciences 
 

Royce W. Murray 
Kenan Professor of Chemistry 
University of North Carolina 
Member, National Academy of Sciences 
 

John D. Corbett 
Professor of Chemistry 
Distinguished Professor of  
Liberal Arts and Sciences 
Iowa State University 
Member, National Academy of Sciences 
 

Thomas C. Bruice, Research Professor in 
Chemistry & Biochemistry 
University Of California at Santa Barbara 
Member, National Academy of Sciences 
 

John D. Roberts 
Institute Professor of Chemistry, Emeritus 
California Institute of Tecnology 
Member, National Academy of Sciences 
 

Charles S. Parmenter 
Distinguished Professor of Chemistry 
Indiana University 
Member, National Academy of Sciences 
 

K.C. Nicolaou 
Aline W. and L.S. Skaggs Professor 
of Chemical Biology, and 
Darlene Shiley Chair in Chemistry and 
Distinguished Professor of Chemistry 
University of California, San Diego 
Member, National Academy of Sciences 
 

Stephen J. Lippard 
Arthur Amos Noyes Professor of Chemistry 
Massachusetts Institute of Technology 
Member, National Academy of Sciences 
 

Laura Kiessling 
Hilldale Professor of Chemistry and Laurens 
Anderson Professor of Biochemistry 
University of Wisconsin 
Member, National Academy of Sciences 
 

Marvin H. Caruthers 
Distinguished Professor of Chemistry and 
Biochemistry  
University of Colorado, Boulder 
Member, National Academy of Sciences 

R. Stephen Berry 
James Franck Distinguished Service Professor 
Emeritus 
Department of Chemistry 
The University of Chicago 
Member, National Academy of Sciences 
 

Martin Saunders 
Professor of Chemistry 
Yale University 
Member, National Academy of Sciences 

Maurice S. Brookhart 
W. R. Kenan, Jr. Professor of Chemistry 
University of North Carolina, Chapel Hill 
Member, National Academy of Sciences 
 

James L. Dye Duilio Arigoni, Professor Emeritus  
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University Distinguished Professor Emeritus 
Department of Chemistry 
Michigan State University 
Member, National Academy of Sciences 
 

Swiss Federal Institute of Technology 
Foreign Associate, National Academy of Sciences 

Jean-Michel Saveant 
Professor of Chemistry 
University of Paris 
Foreign associate, National Academy of Sciences 
 

Malcolm H. Chisholm  
Distinguished University Professor, 
Ohio State University 
Member, National Academy of Sciences 

Jacob Bigeleisen  
Distinguished Professor Emeritus 
State University of New York, Stony Brook 
Member, National Academy of Sciences 
 

Richard N. Zare 
Marguerite Blake Wilbur Professor in Natural 
Science 
Stanford University 
Member, National Academy of Sciences 
 

Charles P. Casey 
Homer B. Adkins Emeritus Professor of Chemistry 
University of Wisconsin-Madison 
Member, National Academy of Sciences 
 

Allen J. Bard 
Norman Hackerman/Welch Regents' Chair in 
Chemistry 
The University of Texas at Austin 
Member, National Academy of Sciences 
 

Dietmar Seyferth 
Robert T. Haslam and Bradley Dewey Professor 
Emeritus 
Department of Chemistry 
Massachusetts Institute of Technology 
Member, National Academy of Sciences 
 

Harry B. Gray 
Arnold O. Beckman Professor of Chemistry 
California Institute of Technology 
Member, National Academy of Sciences 
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Fred W. McLafferty 
Peter J. W. Debye Professor of Chemistry, 
Emeritus 
Cornell University 
Member, National Academy of Sciences 
 

Adrian Bax 
NIH Senior Scientist 
National Institute of Diabetes and Digestive and 
Kidney Diseases  
National Institutes of Health 
Member, National Academy of Sciences 
 

Duilio Arigoni, Professor Emeritus  
Swiss Federal Institute of Technology 
Foreign Associate, National Academy of Sciences 
 

Kenneth B. Wiberg 
Professor of Chemistry, Emeritus 
Yale University 
Member, National Academy of Sciences 
 

Robert L. Letsinger 
Hall Professor of Chemistry Emeritus 
Northwestern University 
Member, National Academy of Sciences 
 

Jerrold Meinwald  
Goldwin Smith Professor of Chemistry, Emeritus  
Cornell University 
Member, National Academy of Sciences 

  
  
  
  
  
  
  
  
 



From: Susan Kegley
To: Robert Bergman; Froines, John
Subject: Legislator opposition to MeI
Date: Thursday, July 09, 2009 10:55:06 AM

Hi Bob and John,

Looks like this is in the works, from the Central Coast groups working on this issue. 

I did a radio interview on KPFK (Los Angeles public radio) this a.m.. The Santa Cruz
paper is running an article too. Still working on AP.

Susan

-------- Original Message --------
Subject:RE: Press release
Date:Thu, 9 Jul 2009 10:48:47 -0700
From:Paul S. Towers <paul@pesticidewatch.org>
To:  

, , 'susan kegley'
<skegley@pesticideresearch.com>, 

 
I’ll respond for  because she is in today and tomorrow and mostly out  of touch.  talked to
the reporter—which is why we got  the blurb. She struggled to print anything in more depth because we
didn’t have a source to give her in the Governor’s office. I believe  will  pitch a longer story with
new developments. Asm Monning is helping to circulate the legislator  opposition letter today—so
maybe that will  give us something additionally  newsworthy in the Monterey Bay Area.
 
Paul
 

From: Marilyn Lynds [mailto:marilynlynds@yahoo.com] 
Sent: Thursday, July 09, 2009 10:32 AM
To: Paul Schramski;  susan kegley; 
Subject: Press release
 
There is a paragraph in the update section(pg 10) of the Monterey County Weekly, about our
press release.
Since they had less than a day before they went to press, I am happy that they included
anything.

 perhaps you can get a hold of your contact there so we could have a larger article in
next week's paper, or the week after that.\
 
could someone pass this along to other people in the group that may be interested.? 
Marilyn
 

-- 
Susan E. Kegley, Ph.D., Principal and CEO

mailto:skegley@pesticideresearch.com
mailto:rgbergman@gmail.com
mailto:jfroines@ucla.edu
mailto:marilynlynds@yahoo.com


Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.
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From: Susan Kegley
To: Robert Bergman; Froines, John; Elinor Fanning;
Subject: Radio interview on MeI
Date: Thursday, July 09, 2009 10:56:12 AM

New Dangerous Pesticide Proposed for California Strawberries - uprisingradio.org

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.
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From: Susan Kegley
To: Robert Bergman; Froines, John
Subject: [Fwd: RE: Monning"s office]
Date: Thursday, July 09, 2009 3:54:34 PM
Attachments: methyl iodide sign on letter.doc

Hi Bob and John,

Here is the letter that Monning's office is going to be circulating for sign-ons to other
legislators. Monning is meeting with the head of DPR on Monday morning--doing his
due diligence. 

Susan

<!--[if !supportLineBreakNewLine]-->
<!--[endif]-->
-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708
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E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
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you are hereby notified that any dissemination, distribution, or copying of 
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Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708
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E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
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you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.

-- 
Susan E. Kegley, Ph.D., Principal and CEO
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****************************** DRAFT LETTER********************************


July 12, 2009


The Honorable Arnold Schwarzenegger


Governor


State Capitol


Sacramento, CA 95814


Mary-Ann Warmerdam, Director


California Department of Pesticide Regulation


1001 I Street, PO Box 4015


Sacramento, CA  95812-4015


Dear Governor Schwarzenegger and Director Warmerdam:


We are writing to express our serious concern over the possible registration of methyl iodide as a soil fumigant in California. There is overwhelming scientific evidence of potential harm from exposure to this pesticide—a chemical so toxic that scientists handling very small quantities in a laboratory typically utilize a ventilation hood. In contrast, if registered by the Department of Pesticide Regulation (DPR) as a soil fumigant, methyl iodide would be applied in agricultural fields at rates up to 175 pounds per acre. Since this volatile compound spreads as a gas, it will undoubtedly drift from any application site, contaminating neighboring residents and farm workers in nearby fields. 


The United States Environmental Protection Agency (EPA) registered methyl iodide last year despite serious concerns from environmentalists, farm workers, rural residents and a group of over 50 eminent scientists, including six Nobel Laureates. These scientists sent a letter to the EPA stating, “As chemists and physicians familiar with the effects of this chemical, we are concerned that pregnant women and the fetus, children, the elderly, farm workers and other people living near application sites would be at serious risk if methyl iodide is permitted for use in agriculture." The letter goes on to explain, "Because of methyl iodide's high volatility and water solubility, broad use of this chemical in agriculture will guarantee substantial releases to air, surface waters and groundwater, and will result in exposures for many people. In addition to the potential for increased cancer incidence, EPA’s own evaluation of the chemical also indicates that methyl iodide causes thyroid toxicity, permanent neurological damage, and fetal losses in experimental animals." The letter concludes, "It is astonishing that the Office of Pesticide Programs is working to legalize broadcast releases of one of the more toxic chemicals used in manufacturing into the environment." 


We were pleased by The California Department of Pesticide Registration’s decision to consider the possible registration of methyl iodide through an open and public process that promised to include an independent scientific review of DPR’s risk assessment and ample opportunity for public input. Therefore, we were surprised to learn that your staff has quietly begun to explore the possibility of “fast tracking” the approval of methyl iodide through an abbreviated process that could to make it available for use as early as this fall. Considering the well-documented health and environmental risks methyl iodide poses, the prospect that your staff would jettison a careful, public and scientifically-driven approach is, at best, alarming. 


The draft risk assessment prepared by DPR’s own staff details the serious health risks of methyl iodide exposure. DPR toxicologists point out that methyl iodide can disrupt maternal and fetal thyroid function, explaining that because iodide is concentrated in the mammary gland, California’s nursing infants would receive excess iodide through breast milk if their mothers were exposed. In conclusion, the risk assessment finds that “air concentrations estimated for human exposure to [methyl iodide] under the proposed use conditions will result in significant risks for workers and the general population, with anticipated exposures up to 3,000 times the acceptable dose for some proposed soil fumigation use scenarios.” (Emphasis added.)

The workers and residents in California’s rural agricultural communities have too often been unnecessarily exposed to highly toxic fumigant pesticides in the name of agricultural efficiency and economic gain. We urge you to place the health and well being of our state’s residents ahead of calls for expediency from the pesticide and agriculture industry. You have the opportunity to move California forward toward much safer methods of pest control. Methyl iodide has no role to play in building a secure, viable and healthy agricultural economy in the 21st Century. If you allow science and the will of the people to guide you in your decision, we trust you will arrive at the conclusion that we must prohibit the use of this dangerous chemical as a soil fumigant in our state.


Sincerely,


Mark Leno


Senator, 3rd District


Bill Monning


Assemblymember, 27th District




Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708
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July 12, 2009 
 
The Honorable Arnold Schwarzenegger 
Governor 
State Capitol 
Sacramento, CA 95814 
 
Mary-Ann Warmerdam, Director 
California Department of Pesticide Regulation 
1001 I Street, PO Box 4015 
Sacramento, CA  95812-4015 
 
Dear Governor Schwarzenegger and Director Warmerdam: 
 
We are writing to express our serious concern over the possible registration of methyl iodide as a 
soil fumigant in California. There is overwhelming scientific evidence of potential harm from 
exposure to this pesticide—a chemical so toxic that scientists handling very small quantities in a 
laboratory typically utilize a ventilation hood. In contrast, if registered by the Department of 
Pesticide Regulation (DPR) as a soil fumigant, methyl iodide would be applied in agricultural 
fields at rates up to 175 pounds per acre. Since this volatile compound spreads as a gas, it will 
undoubtedly drift from any application site, contaminating neighboring residents and farm 
workers in nearby fields.  
 
The United States Environmental Protection Agency (EPA) registered methyl iodide last year 
despite serious concerns from environmentalists, farm workers, rural residents and a group of 
over 50 eminent scientists, including six Nobel Laureates. These scientists sent a letter to the 
EPA stating, “As chemists and physicians familiar with the effects of this chemical, we are 
concerned that pregnant women and the fetus, children, the elderly, farm workers and other 
people living near application sites would be at serious risk if methyl iodide is permitted for use 
in agriculture." The letter goes on to explain, "Because of methyl iodide's high volatility and 
water solubility, broad use of this chemical in agriculture will guarantee substantial releases to 
air, surface waters and groundwater, and will result in exposures for many people. In addition to 
the potential for increased cancer incidence, EPA’s own evaluation of the chemical also indicates 
that methyl iodide causes thyroid toxicity, permanent neurological damage, and fetal losses in 
experimental animals." The letter concludes, "It is astonishing that the Office of Pesticide 
Programs is working to legalize broadcast releases of one of the more toxic chemicals used in 
manufacturing into the environment."  
 
We were pleased by The California Department of Pesticide Registration’s decision to consider 
the possible registration of methyl iodide through an open and public process that promised to 
include an independent scientific review of DPR’s risk assessment and ample opportunity for 
public input. Therefore, we were surprised to learn that your staff has quietly begun to explore 
the possibility of “fast tracking” the approval of methyl iodide through an abbreviated process 
that could to make it available for use as early as this fall. Considering the well-documented 



health and environmental risks methyl iodide poses, the prospect that your staff would jettison a 
careful, public and scientifically-driven approach is, at best, alarming.  
 
The draft risk assessment prepared by DPR’s own staff details the serious health risks of methyl 
iodide exposure. DPR toxicologists point out that methyl iodide can disrupt maternal and fetal 
thyroid function, explaining that because iodide is concentrated in the mammary gland, 
California’s nursing infants would receive excess iodide through breast milk if their mothers 
were exposed. In conclusion, the risk assessment finds that “air concentrations estimated for 
human exposure to [methyl iodide] under the proposed use conditions will result in significant 
risks for workers and the general population, with anticipated exposures up to 3,000

 

 times the 
acceptable dose for some proposed soil fumigation use scenarios.” (Emphasis added.) 

The workers and residents in California’s rural agricultural communities have too often been 
unnecessarily exposed to highly toxic fumigant pesticides in the name of agricultural efficiency 
and economic gain. We urge you to place the health and well being of our state’s residents ahead 
of calls for expediency from the pesticide and agriculture industry. You have the opportunity to 
move California forward toward much safer methods of pest control. Methyl iodide has no role 
to play in building a secure, viable and healthy agricultural economy in the 21st Century. If you 
allow science and the will of the people to guide you in your decision, we trust you will arrive at 
the conclusion that we must prohibit the use of this dangerous chemical as a soil fumigant in our 
state. 
 
Sincerely, 
 
 
 
Mark Leno 
Senator, 3rd District 
 
 
 
Bill Monning 
Assemblymember, 27th District 

 



From: Susan Kegley
To: Froines, John; Elinor Fanning
Subject: [Fwd: methyl iodide--possible lawsuit]
Date: Monday, July 13, 2009 2:47:08 PM

FYI---this is what we are thinking about now. It might be the only chance of
stopping this.

-------- Original Message --------
Subject:methyl iodide--possible lawsuit
Date:Mon, 13 Jul 2009 14:43:22 -0700
From:Susan Kegley <skegley@pesticideresearch.com>

Reply-To:skegley@pesticideresearch.com
Organization:Pesticide Research Institute

To:Greg Loarie <gloarie@earthjustice.org>, Joshua Osborne-Klein
<josborne-klein@earthjustice.org>, Brian Hill <bhill@panna.org>,
Kathryn Gilje <kathryn@panna.org>, steve Scholl-Buckwald
<steveatpan@panna.org>

Hi ,

PAN and EJ had spoken earlier about the possibility of a lawsuit against 
 
 

 
 

 
 

 

 
 

 

 
 

Susan

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
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From: Susan Kegley
To: Froines, John; Elinor Fanning;
Subject: [Fwd: Re: Today"s MeI call notes (next mtg 7/22, 9am)]
Date: Thursday, July 16, 2009 11:28:25 AM

FYI, news from Sacramento.

-------- Original Message --------

Date:Wed, 15 Jul 2009 14:01:38 -0700

Hi Everyone,
Sorry I missed the call. xxx and I met with Linda Adams yesterday and Chris Riordan from DPR was
also there.  Essentially, Chris said that they had suspended the contract with Dr. Froines/UCLA to
conduct the peer review and they did not know if they would be able to continue with that
contract. Assuming they did not, Chris said that they would continue with their internal review,
which includes OEHHA’s review and make a final determination by the end of next month. 
Linda was not aware that they had suspended the contract and seemed a bit peeved about it.
Which is good. Linda also said when we started our statement that ‘we are hearing that the
Governor wants to register MeI’- she quickly interrupted and said- the governor does not want to
register MeI. So although that was good to hear, she seems very out of the loop. 
Incidentally,  is still around bc I saw him leaving the governor’s office as I was walking in to
see if Moffatt would give me some time.

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
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From: Susan Kegley
To: efanning@ucla.edu
Cc: Froines, John
Subject: Re: [Fwd: methyl iodide--possible lawsuit]
Date: Thursday, July 16, 2009 11:34:13 AM

Here's an update on the Monning/DPR meeting:

Quick update: Asm. Monning and staff just got  back from a  meeting with DPR. DPR (Chris Reardon) is
saying that the Governor is hoping to have a summary decision about methyl iodide within the next 2
weeks (a memo or something, maybe?). They plan to make a decision by year’s end to actually
approve it for use, though with industry pressure, they acknowledge it will  likely be Fall (sounds like the
Guv’s target).  Monning’s office stressed the need for transparency on the issue. And Asm. Monning
will join Sen. Leno in circulating the legislator  sign-on letter more seriously by weeks end.

Elinor Fanning wrote:

Susan, do you have any update on the situation in the gov's office? 
 
What happened with Monning et al's  letter, and his meeting with MAW?
 
John talked with Bergman last week, and we want Bergman to know that we would
support him in any way possible going to the governor, etc.  but  that we have to remain
behind the scenes at the moment.  John  has to protect his position as chair of the review
committee for the time being. 
 
of course, if a backdoor registration happens, we'll step up in protest.

-----Original Message-----
From: Susan Kegley [mailto:skegley@pesticideresearch.com] 
Sent: Monday, July 13, 2009 2:47 PM
To: John Froines; Elinor Fanning
Subject: [Fwd: methyl iodide--possible lawsuit]

FYI---this is what we are thinking about now. It might be the only
chance of stopping this.

-------- Original Message --------
Subject:methyl iodide--possible lawsuit
Date:Mon, 13 Jul 2009 14:43:22 -0700
From:Susan Kegley <skegley@pesticideresearch.com>

Reply-To:skegley@pesticideresearch.com
Organization:Pesticide Research Institute

To:Greg Loarie <gloarie@earthjustice.org>, Joshua
Osborne-Klein <josborne-klein@earthjustice.org>, Brian
Hill <bhill@panna.org>, Kathryn Gilje
<kathryn@panna.org>, steve Scholl-Buckwald
<steveatpan@panna.org>

Hi 
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-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
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Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
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From: Susan Kegley
To: Elinor Fanning; Froines, John
Subject: DPR response to petition
Date: Thursday, July 16, 2009 11:37:10 AM

FYI, This is DPR's automated response to a petition the United Farm Workers
circulated about MeI. They SAY 

"DPR upholds its position that a full, valid and transparent scientific review be
conducted before making a decision on the registration of methyl iodide." 

Kind of encouraging, but it doesn't match the other things we're hearing. Note that
she doesn't say "peer-review", just "scientific review". That could be an internal
review that DPR does.

Susan

-------- Original Message --------
Subject:Re: Don't fast track methyl iodide (Methyl Iodide)
Date:Thu, 16 Jul 2009 08:56:36 -0700
From:Mary-Ann Warmerdam <mwarmerdam@cdpr.ca.gov>

Reply-To:mwarmerdam@cdpr.ca.gov
To:<skegley@pesticideresearch.com>

Pesticides must be registered by the California Department of Pesticide 
Regulation (DPR) before they can be sold or used in California. This process 
includes scientific evaluation of the hazards of pesticides to ensure they 
can be used safely without harming people and the environment. On occasion, 
DPR chooses to conduct a full risk assessment of a new active ingredient 
before registration--this was the case with methyl iodide.

DPR has completed its draft methyl iodide risk assessment which, in what is 
standard procedure, has undergone peer review by the Office of Environmental 
Health Hazard Assessment (another office at the California Environmental 
Protection Agency) and the U.S. Environmental Protection Agency. DPR is 
currently revising the document based on peer review comments received. 

Although not required by law, our plans then call for the risk assessment to 
go through an external peer review, including a provision for public 
comment. Based on comments from these reviews, DPR will make changes as 
appropriate. 

Because of the California budget crisis, the external peer review is on 
hold.  DPR upholds its position that a full, valid and transparent 
scientific review be conducted before making a decision on the registration 
of methyl iodide. 

Thank you for writing.  

Mary-Ann Warmerdam, Director
Department of Pesticide Regulation

>>> skegley 07/15/09 13:07 >>>

Governor Arnold Schwarzenegger
State Capitol Building
1303 10th Street
Sacramento, CA 95814-4905

Dear Governor Schwarzenegger,
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I am writing to urge you to allow science and public process to
take their due course in the review of methyl iodide, a
dangerous new fumigant pesticide. 

California's Department of Pesticide Regulation (DPR) is
currently weighing the public health risks associated with
registering methyl iodide as a soil fumigant in California.
DPR's plans include convening an independent Scientific Review
Panel -- a critical step to ensure scientific integrity of the
decision.

Methyl iodide is a known carcinogen and prone to drift. It has
no appropriate place as a new chemical in California
agriculture?one of the largest agricultural states in the U.S. 

Bush?s USEPA registered this chemical last year despite serious
concerns from environmentalists, farm workers, rural residents
and a group of over 50 eminent scientists, including five Nobel
Laureates. These scientists expressed profound concern for the
health of people living near methyl iodide application
sites--especially pregnant women, farm workers, children and the
elderly.

However, this is no excuse for California to bow to the pressure
of agribusiness and introduce a new pesticide to our
environment. There is overwhelming evidence of potential harm
from exposure to this pesticide--a chemical so toxic that
scientists take precautions to use methyl iodide in a
ventilation hood in very small quantities. In contrast, if
registered as a soil fumigant, methyl iodide would be applied in
agricultural fields at rates up to 175 pounds per acre. Since
fumigants spread as a gas, they drift from the application site,
poisoning neighboring residents and farm workers in nearby
fields. 

California needs to follow the example of New York where Methyl
iodide's manufacturer, Arysta, withdrew its application for
registration after state officials raised concerns about
groundwater contamination and potential exposure for workers,
bystanders and nearby residents--especially children, pregnant
women and the elderly. 

Methyl iodide is a clear threat to public health, could
contaminate groundwater, and is not needed to build a secure,
viable and healthy agricultural economy in California. We
strongly urge you to not fast-track the registration of methyl
iodide. Instead allow DPR's process that incorporates
independent scientific review and public input to proceed as
planned.

Thank you.

Sincerely,
Susan Kegley
2768 Shasta Rd
Berkeley,, CA 94708

 cc: 
Director, CA Department of Pesticide Regulations MaryAnn Warmerdam

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
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From: Susan Kegley
To: Froines, John; Elinor Fanning; Robert Bergman
Subject: [Fwd: leg letter]
Date: Wednesday, July 29, 2009 2:02:14 PM
Attachments: Monning&LenoAsmLetter.pdf

FYI, re the legislator letter. This is about one-third of the total members of the
Assembly. Mark Leno's office is still working on the senate side to get signatures. It
looks like the hearing sponsored by Assemblymember Bill Monning is shaping up for
August 19, although there is some talk of putting it off until September---we'll know
more by tomorrow. Monning's office has asked us for a list of people we would like
to see invited to the hearing. , you are on the list, as well as 

. If you have any other suggestions of people to invite, let me
know ASAP.

Susan

All,
 
Please find the final attached letter to Mary-Ann Warmerdam and the Governor regarding methyl
iodide, authored by Assemblymember Monning and Senator Leno.
 
The final count is 25 Assembly signatories, including: Ammiano, Blumenfield, Brownley, Carter,
Chesbro, De LaTorre, De Leon, Fong, Feuer, Furutani, Jones, Hill, Lieu, Huffman, J. Perez, W.M.
Perez, Portantino, Ma, Nava, Ruskin, Skinner, Swanson, Torlakson, Torres, and Yamada.
 
Paul
 

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
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From: Susan Kegley
To: undisclosed-recipients:
Subject: Good news from DPR--Scientific Review will proceed
Date: Thursday, July 30, 2009 5:49:21 PM

FYI. Good news.

Media Contact: Lea Brooks July 29, 2009 (09-09)
916-445-3974 lbrooks@cdpr.ca.gov FOR IMMEDIATE RELEASE

Methyl Iodide Risk Assessment Will Undergo
External Review

SACRAMENTO â€“ The Department of Pesticide Regulationâ€™s draft risk assessment
for the fumigant methyl iodide will undergo an external peer review as planned, DPR
Director Mary-Ann Warmerdam announced today. The intent of a risk assessment is
to determine potential risks to human health and the environment and the
circumstances under which a product can be used if it is registered.

"Although an external peer review is not required by law, we want to confirm that our
draft risk assessment of methyl iodide is based on sound science," she said. "The risk
assessment will serve as the basis for our decision on whether methyl iodide should
be registered in California."

Because of budget uncertainties, there had been concern that various projects might
have to be delayed. With resolution of the budget, DPR is continuing to move
forward with the external peer review process.

Following standard procedure, DPRâ€™s draft methyl iodide risk assessment has
already undergone peer review by the Office of Environmental Health Hazard
Assessment, also part of the California Environmental Protection Agency, and the U.S.
Environmental Protection Agency (U.S. EPA). DPR is reviewing the comments received
and will revise the document as appropriate before the external review begins.

The external review will be spearheaded by John Froines, Ph.D., director of the
Center for Occupational and Environmental Health at the University of California, Los
Angeles. He has convened a panel of eight nationally and internationally renowned
experts in various scientific fields to evaluate DPRâ€™s risk assessment of methyl
iodide.

The panel will hold a workshop Sept. 24-25 that will be open to the public at a
Sacramento location to be announced. The first day will be devoted to presentations
by state scientists. The second day will provide opportunity for public comments.

Methyl iodide is among replacements being considered for methyl bromide, another
fumigant. Methyl bromide is being phased out as part of the Montreal Protocol, an
international treaty initially signed in 1987 to protect the ozone layer. Methyl iodide
has been registered by U.S. EPA and is being used in other states.

Pesticides must be registered by DPR before they can be sold or used in California.
"DPR will not register any pesticide unless we can determine it can be used safely,"
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Warmerdam said.

This process includes scientific evaluation of the hazards of pesticides to ensure they
can be used safely without harming people and the environment. On occasion, DPR
chooses to conduct a full risk assessment of a new active ingredient before
registration - this was the case with methyl iodide.

For additional information about the risk assessment process, please review this fact
sheet on DPRâ€™s Web site at:
http://www.cdpr.ca.gov/docs/risk/riskassessment.htm.

One of six departments and boards within the California Environmental Protection
Agency, DPR regulates the registration, sale and use of pesticides to protect people
and the environment. Additional information about DPR is posted at
www.cdpr.ca.gov.

outbind://129/docs/risk/riskassessment.htm
http://www.cdpr.ca.gov/


From: Susan Kegley
To: Froines, John; Elinor Fanning; Robert Bergman
Subject: hearing sponsored by Asmblymbr Bill Monning, Aug. 19
Date: Tuesday, August 04, 2009 3:36:29 PM

Hi Bob and John,

Monning's staff has asked us to develop a list of invitees to the Aug. 19 hearing on
methyl iodide. Here is the draft list of invitees and draft questions to be asked of the
individuals. Please take a look and see if you would like to add or edit any questions,
particularly those questions aimed at you. Send all edits to me and I will incorporate
them.

Bob, I know you can't be there, but your feedback is still welcome.

Susan

Scientific/Technical
Professor John Froines, UCLA, jfroines@ucla.edu
Professor Robert Bergman, UC Berkeley, 
>From DPR: One of the principal authors of DPR's Volume I, the Human Health Risk
Assessment (Dr. Nu-May (Ruby) Reed or Dr. Lori Lim)
>From OEHHA: One of the principal OEHHA reviewers of Volume I, the Human
Health Risk Assessment 
Ms. Anne Katten, Worker Health and Safety Specialist, 
Professor Robert Spear, UC Berkeley, need email
Dr. Susan Kegley, Chemist and Consulting Scientist, PANNA,
skegley@pesticideresearch.com

Organic Growers
Jim Cochran, organic strawberry grower, 
CCOF, Claudia Reid, Policy and Program Director, claudia@ccof.org
Agriculture and LAnd-Based Training Organization (ALBA), Brett (need contact
info and last name) 

Worker Advocates
Lupe Martinez, California Rural Legal Assistance, 

Community Members
Marilyn Lynds, Moss Landing, 
Glen Chase, Santa Cruz, 

First draft of questions to ask the panel:
For Professor Froines: 
*Tell us why you think this scientific peer review process is important. 
*What exactly will the SRP do that is different than what DPR and EPA have already
done?

For Professor Bergman: 
*You took the lead on sending a letter to US EPA from yourself and fellow National
Academy of Sciences members expressing concern about the potential use of methyl
iodide as a pesticide. Why? What are your concerns about this chemical?
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For the DPR toxicologist: 
* From your risk assessment, methyl iodide appears to be toxic to the thyroid, the
developing fetus, and the nervous system. There are also some concerns about
cancer, since methyl iodide is on the Prop 65 list of carcinogens. Please tell us more
about methyl iodide's effects in these areas.
* With normal use patterns, are people likely to be exposed to methyl iodide at
levels high enough to exceed DPR's levels of concern? Who would be exposed the
most?
* What might be the potential disease or illness outcomes in humans?
* In broad strokes and for the layperson, how does DPR's risk assessment differ
from US EPA's?

For the OEHHA reviewer:
* Please tell us more about the cancer-causing potential of this chemical. When was
it listed under Proposition 65? What kinds of cancer did it cause in the animal
studies?

For Dr. Susan Kegley:
* You have done air monitoring for fumigant pesticides in the Moss Landing
community, an area where methyl iodide is likely to be used if approved. What are
your concerns about methyl iodide and the potential for community exposures?
* Do you have concerns about water or other environmental contamination? 

For Marilyn Lynds:
* You live in Moss Landing. What are your concerns about this chemical being used
near your home?
* Do others in your community share your concerns?

For Ms. Anne Katten (or Prof. Robert Spear, UC Berkeley)
* Ms. Katten, you are a worker health and safety specialist. What are your concerns
about this chemical in regards to worker health?
* What might be the potential disease or illness outcomes for workers?
* Are there any areas where you feel DPR may have undersestimated exposure or
risk to workers in their risk assessment? 

For Mr. Lupe Martinez:
* Mr. Martinez, from your experience working with farm workers in the community,
what are the specific concerns for this group?
* Why is this an issue? Aren't workers given protective gear?

For the organic strawberry grower:
* You grow strawberries organically, using no fumigants. How do you do it? What
methods do you use to get rid of the pests that methyl iodide would be targeting?
* What are the barriers to using these methods compared to using fumigants like
methyl iodide?
* What type of support would help growers move to fumigant-free farming?

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com

mailto:skegley@pesticideresearch.com


Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.

http://www.pesticideresearch.com/


From: Susan Kegley
To: Froines, John
Subject: agenda to date
Date: Monday, August 17, 2009 12:41:18 PM
Attachments: Agenda-SK-8-13-09.rtf

draft attached, FYI. There have been a few changes since then, but I
don't have the latest version. I'll call later in the day.

--
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to which it is addressed and may
contain information that is privileged, confidential and exempt from disclosure under applicable law as
attorney client and work-product confidential or otherwise confidential communications. If the reader of
this message is not the intended recipient, you are hereby notified that any dissemination, distribution,
or copying of this communication or other use of a transmission received in error is strictly prohibited. If
you have received this transmission in error, immediately notify us at the above telephone number.

mailto:skegley@pesticideresearch.com
mailto:jfroines@ucla.edu
http://www.pesticideresearch.com/



Informational Hearing



"Methyl Iodide: Does Approval Threaten 

California Workers and Others?"



AGENDA



Welcome and Introductions

Assemblymember Bill Monning

Other Assemblymembers



Overview of Department of Pesticide Regulation Registration and External Peer Review Processes

Anne Downs, Chief Legislative Analyst, Department of Pesticide Regulation


Scientific Concerns with Methyl Iodide

Neil Schore, Ph.D., Professor, Department of Chemistry, University of California at Davis

Susan Kegley, Ph.D., Chemist and Consulting Scientist, Pesticide Action Network North America

Robert C. Spear, Ph.D., Professor of Environmental Health, School of Public Health, University of California at Berkeley

Kathleen Collins, Ph.D., Professor, Division of Biochemistry and Molecular Biology, Department of Molecular and Cell Biology, University of California at Berkeley

Robert C. Spear, Ph.D., Professor of Environmental Health, School of Public Health, University of California at Berkeley

Amy D. Kyle, Ph.D., M.P.H., Associate Adjunct Professor, Environmental Health Sciences, School of Public Health, University of California at Berkeley

Anne Katten, M.S., Worker Health and Safety Specialist, California Rural Legal Assistance Foundation

Dr. Susan Kegley, Chemist and Consulting Scientist, Pesticide Action Network North America



Worker Advocate Perspectives

Martha Guzman Aceves, California Rural Legal Assistance Foundation

Lupe MartinezGustavo Aguirre, Center on Race, Poverty and the Environment

Others?


Manufacturer Industry Perspective

Bill Lewis, President and CEO, Arysta LifeScience North America, LLC


Agriculture Industry Perspectives

Robert Dolezal, Executive Vice President, California Association of Nurseries and Garden Centers

Manuel Cunha, President, Nisei Farmers League

Dave Puglia, Senior Vice President, Western Growers


Potential Alternatives to Methyl Iodide

Jim Cochran, Swanton Berry Farms

Claudia Reid, Policy and Program Director, California Certified Organic Farmers

Brett Malone, Agriculture and Land-Based Training Organization
Others here—not finalized yet





Local Community Member Perspectives

Marilyn Lynds, Resident of Moss Landing

Statement from Lynda Uvari, Deborah Bechtel, and Mary Haffner, Ventura


Public Comment


Closing Remarks





 
Informational Hearing 

 
"Methyl Iodide: Does Approval Threaten  

California Workers and Others?" 
 

I. Welcome and Introductions 

AGENDA 
 

• Assemblymember Bill Monning 
• Other Assemblymembers 

 
II. Overview of Department of Pesticide Regulation Registration and External Peer 

Review Processes 
• Anne Downs, Chief Legislative Analyst, Department of Pesticide Regulation 

 
III. Scientific Concerns with Methyl Iodide 

• Neil Schore, Ph.D., Professor, Department of Chemistry, University of California at 
Davis 

• Susan Kegley, Ph.D., Chemist and Consulting Scientist, Pesticide Action Network 
North America 

•Robert C. Spear, Ph.D., Professor of Environmental Health, School of Public Health, 
University of California at Berkeley 

• Kathleen Collins, Ph.D., Professor, Division of Biochemistry and Molecular Biology, 
Department of Molecular and Cell Biology, University of California at Berkeley 

• Robert C. Spear, Ph.D., Professor of Environmental Health, School of Public Health, 
University of California at Berkeley 

•Amy D. Kyle, Ph.D., M.P.H., Associate Adjunct Professor, Environmental Health 
Sciences, School of Public Health, University of California at Berkeley 

• Anne Katten, M.S., Worker Health and Safety Specialist, California Rural Legal 
Assistance Foundation 

•Dr. Susan Kegley, Chemist and Consulting Scientist, Pesticide Action Network North 
America 

 
IV. Worker Advocate Perspectives 

• Martha Guzman Aceves, California Rural Legal Assistance Foundation 
• Lupe MartinezGustavo Aguirre, Center on Race, Poverty and the Environment 
• Others? 

 
V. Manufacturer Industry Perspective 

• Bill Lewis, President and CEO, Arysta LifeScience North America, LLC 
 

VI. Agriculture Industry Perspectives 
• Robert Dolezal, Executive Vice President, California Association of Nurseries and 

Garden Centers 
• Manuel Cunha, President, Nisei Farmers League 
• Dave Puglia, Senior Vice President, Western Growers 

 
VII. Potential Alternatives to Methyl Iodide 



• Jim Cochran, Swanton Berry Farms 
•Claudia Reid, Policy and Program Director, California Certified Organic Farmers 
• Brett Malone, Agriculture and Land-Based Training Organization 

Others here—not finalized yet 
 
 

VIII. Local Community Member Perspectives 
• Marilyn Lynds, Resident of Moss Landing 
• Statement from Lynda Uvari, Deborah Bechtel, and Mary Haffner, Ventura 

 
IX. Public Comment 

 
X. Closing Remarks 
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To: Froines, John
Subject: Re: agenda to date
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Hi John,

Ben Ebbink is the contact in Monning's office. His email is
Benjamin.Ebbink@asm.ca.gov
Ben Ebbink, Chief Consultant
Assembly Committee on Labor and Employment
(916) 319-2091
(916) 319-2191 fax

Susan

John Froines wrote:

If I decide to attend, even if in the audience, I should talk to 
someone in
the legislative office.  Do you have a name and phone number.  I 
could be
available as a resource.
John
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attached. The first six pages provide a summary. There's not much I
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February 21st, 2006


Re: Comments on the Methyl Iodide Preliminary Risk Assessment


Ms. Mary L. Waller, Product Manger
Registration Division (7505C)
Office of Pesticide Programs
Environmental Protection Agency
1200 Pennsylvania Av NW
Washington, DC 20460-0001
(703)308-9354
(703)308-1825(fax)
waller.mary@epa.gov


Dear Ms. Waller:


This letter and the attachment that follows are a submission to docket:


Iodomethane Risk Assessment, EPA-HQ-OPP-2005-0252


These comments are submitted by Pesticide Action Network North America,
California Rural Legal Assistance Foundation, Northwest Coalition for Alternatives to
Pesticides, Center for Environmental Health, Alaska Community Action on Toxics
and The Endocrine Disruptor Exchange, Inc. Thank you for the opportunity to
comment on this risk assessment.


Our comments on the methyl iodide risk assessment fall into the following general
areas:


1. Data Quality and Toxicology Assessment
2. Bystander Exposure Assessment
3. Occupational Exposure Assessment
4. Fumigant Usage, Need, and Alternatives


Each area has a corresponding section in the attachment that follows. Because of the
diversity of expertise required to write each section, the sections have separate leads.
The authors for Section 1 are Susan Kegley, Ph.D., Senior Scientist, PANNA and
Michael J. DiBartolomeis, PhD, DABT, Consulting Toxicologist, PANNA. For
Section 2, Brian R. Hill, PhD, Staff Scientist, PANNA. For Section 3, Anne Katten,
MPH, Pesticide and Work Safety Specialist, California Rural Legal Assistance
Foundation (CRLAF). For Section 4, Katherine Mills, Assistant Scientist, PANNA
and Kathryn Gilje, Campaigns Department Director. Questions or requests for
clarifications can be directed to the respective section leads via PANNA, (415) 981-
1771, and CRLAF, (916) 446-7904.


What follows are highlights of the respective sections.
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Data Quality
The iodomethane risk assessment falls far short of meeting the applicable Data Quality Act
requirements. Information critical to interpretation of toxicity studies is missing, peer-reviewed
literature that is part of the weight of the evidence of the carcinogenicity of methyl iodide is
glossed over or omitted, documentation of models used to estimate Human Equivalent
Concentrations and exposures is not provided, upper- and lower-bound estimates of risk are not
provided, information essential to occupational mitigations is not provided, and susceptible sub-
populations are not identified. Because the iodomethane risk assessment does not adequately
meet the Data Quality Act requirements, it lacks the transparency to allow qualified third parties
to reproduce its methods.


Toxicology, PBPK model and Human Equivalent Concentrations (HECs)
The PBPK model presented by EPA as part of the methyl iodide risk assessment is an interesting
attempt at modeling, but leaves much to be desired in terms of certainty. As such, we cannot
support the conclusions obtained from the model and urge EPA to use the default method that
utilizes the NOAEL and both intra- and inter-species uncertainty factors of 10. In particular, the
model relies on multiple assumptions for which little supporting data are provided or referenced.
Some assumptions are flatly contradicted by data from the other studies, and the majority of these
assumptions skew the results systematically in the direction of allowing greater exposures to
methyl iodide. Specifically:
1. The reliability of the model is based entirely on the assumption that the critical endpoint for


methyl iodide toxicity in humans will be nasal olfactory epithelial degeneration, yet it is
impossible to know precisely what the target tissues and critical endpoints are in a human.


2. The model assumes that human glutathione transferase (GSTT1) activity and turnover rate is
identical to that of the rat, yet the peer-reviewed literature indicates that human GSTT1
activity is 10 times less than that of the rat.


3. The model assumes that all humans have the same ability to express GSTT1, the enzyme that,
according to the proposed model, is responsible for detoxification of methyl iodide in the
nasal epithelium. Yet studies of the human variability in the gene that produces the GSTT1
enzyme indicate that 11-58% of the population (dependent on genetic makeup) do not
produce this enzyme at all. The proposed model is not applicable to this population and
cannot be used to determine a HEC.


4. The model assumes that damaged nasal epithelial tissue produces the same amount of GSH as
healthy tissue. Yet EPA states that the “overall incidence of olfactory epithelium
degeneration was 90% for males and 75% for females after 1 year and 100% for both sexes
after 2 years.” Because the results of the model are highly sensitive to GSH concentrations
and turnover, any reduction in GSH levels in the nasal epithelium will lead to a substantial
underestimate of risk.


5. Another assumption inherent in the model is that the only GSH-depleting substance that will
be encountered by people is methyl iodide. The actual availability of GSH in the nasal
epithelium to detoxify methyl iodide is dependent on exposure to all GSH-depleting
substances, not just methyl iodide. Other common GSH-depleting exposures include tobacco
smoke, other fumigants and some additional pesticides, engine exhaust and other
environmental contaminants. Without consideration of these other GSH-depleting exposures,
the model will overestimate the amount of methyl iodide that can be detoxified through
reaction with GSH.


6. A serious flaw in the HEC process is that test animal exposures to methyl iodide do not match
anticipated human exposures. Most inhalation exposures for laboratory animals are set at a
constant concentration for six hours per day, five days per week, providing time for the
animals’ repair systems to respond to the chemical insult during the “rest” periods. Exposure
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patterns for people living near fumigant application sites are substantially different, with an
exposure spike that may cause acute effects during the first day or two after the application,
followed by a decreasing concentration over the next week or two. Exposure can be
continuous (assuming one stays at home and the wind direction is constant), with no
opportunity for recovery. Because of the possibility of mixed acute and sub-chronic effects,
this failure in inhalation exposure testing and modeling is likely to be one of the most
significant flaws in current reference concentration (RfC) methodology that leads to an
underestimation of the actual HEC. While EPA acknowledges this as a complication,
especially for GSH-dependent toxicity, no additional uncertainty factors are included to
account for this unknown. Because the time course and duration of animal inhalation studies
do not effectively mimic human exposures, US EPA should increase the value of the
uncertainty factor to ensure that the HEC is not an underestimate of human exposure.


7. The most significant problem we see with the developmental toxicity model that uses fetal
serum iodide as the dose metric is the assumption that fetal serum iodide concentrations are
equivalent to maternal serum iodide concentrations. The best estimates of the ratio of fetal to
maternal serum iodide concentrations appear to be three, not one. In the absence of
conclusive data, EPA should assume the worst-case scenario in order to protect public health.
If EPA insists on using this flawed PBPK model for developmental toxicity, we recommend
using a [fetal serum iodide]/[maternal serum iodide] ratio of three.


Toxicology, Carcinogenicity
1. Alkylating agents like methyl iodide are among the most clearly defined and well-studied


group of carcinogens known, and there is a substantial body of chemical and toxicological
literature that EPA did not consider in this risk assessment. Methyl iodide is a known
mutagen and has a proven ability to alkylate DNA. All prior animal studies demonstrate the
ability of methyl iodide to cause malignant tumors, although some studies indicate that there
may be a long latency period before tumorigenesis. Structure-activity correlations with other
methylating agents suggest that, similar to most methylating agents, methyl iodide will be
carcinogenic. Other authoritative bodies’ assessment of methyl iodide indicates that there is
some consensus on this point. Thus, the weight of the evidence points overwhelmingly to
methyl iodide being a carcinogen.


2. EPA’s cancer rating of “Not likely to be carcinogenic at doses that do not alter rat thyroid
hormone homeostasis” appears to be based solely on a single rat inhalation study in which
66% of the control group and 54-62% of the rats in the other groups died before the end of
the study. EPA appears to be dismissing early peer-reviewed studies in favor of two non-
peer-reviewed studies conducted by the registrant that are flawed in design and execution.
EPA’s reliance on a single flawed rat study conducted by the registrant to conclude that
methyl iodide is not likely to be a human carcinogen is at odds with the weight of the
evidence—known mutagenicity, known ability to alkylate DNA, prior studies demonstrating
the ability of methyl iodide to cause tumors in laboratory animals, SARs, and other
authoritative bodies’ assessment of methyl iodide—that points overwhelmingly to the
carcinogenicity of methyl iodide.


3. The data indicate that methyl iodide conjugation with glutathione via glutathione transferase
(GST) plays an important role in the metabolism/detoxification of methyl iodide. There is a
broad genetically determined polymorphism in glutathione transferase activity among
humans which will likely result in different dose-responses among individuals in a population
with varying toxic responses to methyl iodide exposure. In addition, there is typically a five-
fold difference between adult and fetal GST levels. Additional uncertainty should be
incorporated in the assessment of the risk for the developing fetus, infants, children, and
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susceptible individuals who lack GST to account for the uncertainty and variability in the
mechanisms of methyl iodide metabolism.


4. The fact that all but one of the mutagenicity studies submitted by the registrant were negative,
when study after study in the peer-reviewed literature of in vitro and in vivo assays clearly
demonstrate the mutagenicity of methyl iodide suggests that registrant did not conduct these
tests correctly, as noted by EPA. The fact that these poorly done studies were submitted as
evidence to make the case that methyl iodide is not a mutagen should be viewed with extreme
concern on the part of EPA. The fact that the registrant was willing to submit one study that
was badly done in an attempt to make the chemical appear to be less harmful than it actually
is should make EPA skeptical of other studies submitted by the registrant.


5. EPA’s use of information of low scientific quality for a registration decision could materially
and adversely affect public health and safety. We strongly recommend that EPA not approve
the registrant’s rat cancer study, nor rely on it for any toxicological evaluation of methyl
iodide.


Toxicology, Acute Toxicity
1. Not enough detail is provided to evaluate the choice of the acute NOAEL from the sub-


chronic study.
2. Prior peer-reviewed work suggests that methyl iodide causes disturbances in lipid and sugar


metabolism, yet EPA did not evaluated existing information or request additional information
from the registrant. Injected doses of CH3I for 2 days resulted in a substantial increase in
plasma triglyceride levels, with a significant increase in the very low-density lipoprotein and
accumulation of fatty deposits in the liver. Another study showed that when methyl iodide
was injected into rabbits, basal levels of insulin and glucagons increased, and plasma glucose
levels responded abnormally to insulin and glucose injections, indicating disturbances in the
regulation of carbohydrate metabolism. We request that EPA investigate and evaluate these
adverse effects prior to registration.


3. Methyl iodide is more acutely toxic than methyl bromide. We note that, although the
registrant has been promoting methyl iodide as less toxic than methyl bromide, most studies
and worker protection standards indicate that methyl iodide is more acutely toxic than methyl
bromide under comparable conditions.


4. We are concerned about the use of a 24-hour average value for glutathione depletion. We
request that EPA provide information to justify the use of a 24-hour exposure average, when
in fact, exposures will be much higher than average during the application period and the 4-8
hours after the application is complete.


Toxicology, Thyroid
In addition to the thyroid tumors observed in the survivors of the Chronic/Cancer study, large and
significant changes were observed in thyroid hormone levels. Thyroid hormones are intimately
tied to metabolic disorders and immune function. Exposures to high levels of iodide may result in
thyroid gland dysfunction, manifested as hypothyroidism, hyperthyroidism, thyroid
autoimmunity, thyroiditis, sensitivity reactions, thyroid papillary cancer, and/or acute responses
in some individuals. These effects occur at lower levels than the reproductive toxicity caused by
excess iodide noted in the methyl iodide risk assessment. Yet EPA did not evaluate the potential
impacts of excess iodide exposure on thyroid function. A comprehensive risk assessment would
require that EPA conduct this assessment.
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Toxicology, Data Gaps
1. Methyl iodide use has the potential to cause significant adverse effects on human health and


the environment, yet the data set is not complete enough to fully evaluate the scope and
magnitude of these effects. If this chemical is to be registered, a developmental neurotoxicity
study and environmental fate and effects data are essential.


2. A risk assessment for ocular/dermal exposure was not included in the assessment. There are
enough occurrences of spills and whole body exposures described in other fumigant toxicity
incident reports to warrant a risk determination via ocular/dermal exposure. We urge US EPA
to include this analysis in the risk assessment.


Toxicology, Dietary and Drinking Water Risks
1. EPA’s assessment that there will be no risk of groundwater contamination from use of methyl


iodide is in contradiction to two independent studies demonstrating high leaching potential
for this chemical.


2. We question EPA’s assessment that iodide residues on food will not be problematic,
particularly after several years of soil fumigations with methyl iodide.


Toxicology, Uncertainty Factors
1. We recommend that US EPA adopt the more widely used and recognized methodology in


risk assessment for deriving levels of concern for humans from toxicity data. That is, dividing
NOAELs by factors of ten (or factors of three only when adequate data and scientific support
are available and a complete discussion provided) to correct for interspecies (10x) and
intraspecies (10x) variation, converting LOAELs to NOAELs (3-10x), and for addressing
inadequacy or uncertainty in the database (3-10x). Deviation from the default values should
be substantiated with scientific data and a transparent analysis.


2. There are substantial data gaps in the methyl iodide risk assessment that indicate an
additional FQPA uncertainty factor of 10 should be used to protect children and other
vulnerable sub-populations. This is especially true because the animal studies indicate that
methyl iodide causes thyroid effects, tumors (which children are likely to have greater
susceptibility to), and neurotoxicity. Inhalation exposure is part of total exposure and cannot
be ignored, even if food residues of methyl iodide are not anticipated.


3. US EPA should also include an additional uncertainty factor of three to ten to account for
human error. Assumptions that pesticide users will always use personal protective equipment,
always follow the label directions, and that no accidents will ever happen, are flawed. It is
irresponsible of US EPA to base its risk assessments on demonstrably faulty assumptions.


Toxicology, Aggregate and Cumulative Risk Assessment
1. EPA inappropriately omitted consideration of dermal exposures as an exposure route. A


review of poisoning incidents of similar fumigants indicates that spills and splashes are
common occurrences that can contribute significantly to overall exposure for workers.


2. There is no attempt by US EPA to consider human exposures to mixtures of fumigants, or
sequential exposures to the fumigants as they are applied in practice. We provide specific
examples in our comments on how the risk assessments could be revised to include
cumulative risk assessment.


3. In conducting cumulative risk assessments, we urge US EPA to define the methodology in
broader terms than simply summing the risks for comparable toxicity endpoints for chemicals
with the same mechanism of action. Detrimental effects to the body caused by a chemical
might make an individual more vulnerable to the toxicity of another chemical, which acts by
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a different mechanism. In the absence of data to substantiate taking no action, an additional
uncertainty factor is indicated.


Toxicology, Cross-Fumigant Comparisons
In light of the fumigant cluster assessment process, it would be helpful for comparative purposes
if all toxicity endpoints for key studies and the corresponding doses for each fumigant, including
methyl iodide, were combined into one table and discussed in terms of common as well as unique
toxicity endpoints. Currently, the toxicology sections in the risk assessments for each fumigant
are individualized, with no cross-chemical discussion. If US EPA’s intent is to actually consider
the fumigants as a cluster or a family of chemicals, then a comparative assessment of the toxicity
and levels of concern would need to be included to help determine relative hazards of each
fumigant.


Bystander Exposure Assessment
While many gross measures of concentration estimates may be (deceptively) unaffected by the
choice of model, the tails of probability distributions (such as the buffer zone required to be
protective up to the 95th or 99th percentile of exposure), may be highly sensitive to the choice of
model for low wind speeds.


1. A review of major poisonings shows that common features are low wind speeds and other
conditions necessary for high atmospheric stability.


2. Low wind speeds occur frequently, during at least 10% of the hours annually, and up to 30%
of the hours depending on the cutoff defining low wind speeds and the weather stations used
for the estimates.


3. The ISCST3 model and methodology used by EPA systematically underestimates air
concentrations during calm and near-calm wind conditions by treating concentrations
calculated for these conditions as missing.


4. The AERMOD model which can provide estimates under these circumstances is available
and should be used to compute realistic fumigant air concentrations.


5. Use of the AERMOD model instead of the ISCST3 model in this circumstance is in
compliance with EPA regulatory guidelines.


6. There is insufficient detail to follow or comment on the indirect back-calculation method for
determining flux. Detail lacking includes the field monitoring studies used, the criteria for
combining or eliminating study results, and the comparison of study results. The flux
calculation and hence the exposure modeling calculation are therefore not transparent.


7. The model (including its calibration through the back-calculation of flux values) was not
corroborated with known major poisoning incidents. Demonstrating that the calibrated model
correctly predicts past incidents would increase confidence that the model results will
correctly validate risk mitigation strategies and prevent future incidents.


8. Dismissal of ambient chronic and sub-chronic exposure is premature for multiple reasons
including the fact that some of the existing studies did indicate that levels of concern were
exceeded, the sensitivity of the result to HEC and MOE values, and trends of increasing use
which render old air monitoring studies obsolete.


9. Assessments for multiple (successive, geographically neighboring) applications have not
been included and will increase the exposure estimates when they are.


Occupational Exposure Assessment
This risk assessment is based on many assumptions which underestimate occupational exposures
and risks. Specifically we conclude that the length of workday and number of days worked per
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week and year are underestimated and exposure during tarp removal is completely
uncharacterized. In contrast, air filtering respirators are inappropriately relied on and respiratory
protection factors are overestimated.


EPA Must Seriously Consider Existing Viable Alternatives
1. The substantial evidence of the hazards methyl iodide will pose to workers and bystanders


indicates that EPA cannot be assured that there is a reasonable certainty of no harm from
registration and use of this chemical. For workers especially, it is clear that the extreme risks
outweigh the limited benefits.


2. Methyl iodide and the fumigants considered in the fumigant cluster assessment have viable
non-toxic alternatives that are being used successfully for fumigant-intensive crops in many
climatic and ecological zones. Fumigants continue to be responsible for mass poisonings as
well as chronic adverse health effects. We urge EPA to invest more resources in alternatives
assessment work with USDA to help farmers transition away from fumigants as a soil pest
control strategy.


These representative highlights illustrate the range of issues covered in the attachment that
follows. Please consult the attachment for details.


Recommendation to EPA
We recommend that EPA not register methyl iodide. This substance is too toxic to be used
without unreasonable adverse effects.


Sincerely,


Susan E. Kegley, PhD, Senior Scientist, PANNA


Brian R. Hill, PhD, Staff Scientist, PANNA


Michael J. DiBartolomeis, PhD, DABT, Consulting Toxicologist, PANNA


Katherine Mills, Assistant Scientist, PANNA


Anne Katten, MPH, Pesticide and Work Safety Specialist, CRLAF


Kathryn Gilje, Campaigns Department Director, PANNA


Cosigned,


Carolyn Cox, Northwest Coalition for Alternatives to Pesticides


Michael Green, Center for Environmental Health


Theo Colborn, The Endocrine Disruptor Exchange, Inc.


Pamela K. Miller, Alaska Community Action on Toxics
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1 Data Quality and Toxicology Assessment


1.1 Transparency and Documentation
Overall, there is a lack of clarity and detail provided in the risk assessment documents with
respect to toxicology, dose-response assessment, determination of Human Equivalent
Concentrations (HECs) and the scientific support for the conclusions and assumptions made.


1.1.1 Applicability of the Data Quality Act
Under the authority of the Data Quality Act, the US Office of Management and Budget (OMB)
has required that guidelines for “agencies responsible for disseminating influential scientific
information” shall include “a high degree of transparency about data and methods” in order to
“facilitate the reproducibility of such information by qualified third parties….”1 The OMB
allowed each agency to determine what constituted “influential scientific information.”


The US Environmental Protection Agency (EPA), in turn, has defined its influential information
to include information disseminated in support of Agency actions that are likely to “adversely
affect in a material way the economy, a sector of the economy, productivity, competition, jobs,
the environment, public health or safety.”2


Methyl bromide was used at a rate of approximately 100 million pounds per year in the United
States in 1996 and 20 million pounds in 2004.3 In 2001, fumigant usage represented 127 million
of the 888 million pounds of conventionala pesticides used in the United States4 which is one
seventh of all pesticide usage. Methyl iodide is designed to be a replacement for methyl bromide,
thus one can logically expect use of this chemical, if registered, to be extensive. A registration or
re-registration elegibility decision for a pesticide with the potential to be extensively used, and the
possibility of being carcinogenic could adversely and materially affect public health and safety,
particularly if the scientific information supporting the decision was flawed. Therefore, a high
degree of transparency about the data and methods supporting such a pesticide registration or re-
registration eligibility decision is required by the Data Quality Act.


Applicability of the Data Quality Act is further supported by the additional requirement by OMB
that “with regard to analysis of risks to human health, safety and the environment maintained or
disseminated by the agencies, agencies shall either adopt or adapt the quality principles applied
by Congress to risk information used and disseminated pursuant to the Safe Drinking Water Act
Amendments of 1996.” Under 42 USC 300g-1(b)(3)(B), the agency [US EPA] is directed, ‘to
ensure that the presentation of information [risk] effects is comprehensive, informative, and
understandable.’ In fact, the EPA decided to adopt the quality principles of the Safe Drinking
Water Act not just for its analysis of risk but for all of its influential scientific information by
reproducing them in its guidelines.


                                                       
a EPA-designated “conventional” pesticides exclude sulfur, oils, disinfectants and wood preservatives.
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1.1.2 Requirements of the Data Quality Act
The requirements imposed by OMB include (V.3.b.ii):1


If an agency is responsible for disseminating influential scientific, financial, or
statistical information, agency guidelines shall include a high degree of transparency
about data and methods to facilitate the reproducibility of such information by
qualified third parties.


A. With regard to original and supporting data related thereto, agency guidelines
shall not require that all disseminated data be subjected to a reproducibility
requirement. Agencies may identify, in consultation with the relevant
scientific and technical communities, those particular types of data that can
practicable be subjected to a reproducibility requirement, given ethical,
feasibility, or confidentiality constraints. It is understood that reproducibility
of data is an indication of transparency about research design and methods
and thus a replication exercise (i.e., a new experiment, test, or sample) shall
not be required prior to each dissemination.


B. With regard to analytic results related thereto, agency guidelines shall
generally require sufficient transparency about data and methods that an
independent reanalysis could be undertaken by a qualified member of the
public. These transparency standards apply to agency analysis of data from a
single study as well as to analyses that combine information from multiple
studies.


The requirements reproduced in EPA’s guidelines read as follows:2


(A) The substance of the information is accurate, reliable and unbiased. This
involves the use of:


i. the best available science and supporting studies conducted in
accordance with sound and objective scientific practices, including,
when available, peer reviewed science and supporting studies; and


ii. data collected by accepted methods or best available methods (if the
reliability of the method and the nature of the decision justifies the
use of the data).


(B) The presentation of information on human health, safety, or environmental
risks, consistent with the purpose of the information, is comprehensive,
informative, and understandable. In a document made available to the public,
EPA specifies:


i. each population addressed by any estimate of applicable human
health risk or each risk assessment endpoint, including populations if
applicable, addressed by any estimate of applicable ecological risk;


ii. the expected risk or central estimate of human health risk for the
specific populations affected or the ecological assessment endpoints,
including populations if applicable;


iii. each appropriate upper-bound or lower-bound estimate of risk;
iv. each significant uncertainty identified in the process of the


assessment of risk and studies that would assist in resolving the
uncertainty; and
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v. peer-reviewed studies known to the Administrator that support, are
directly relevant to, or fail to support any estimate of risk and the
methodology used to reconcile inconsistencies in the scientific data.


1.1.3 Inadequacy of Iodomethane Risk Assessment
The iodomethane risk assessment falls far short of meeting the applicable Data Quality Act
requirements. Information critical to interpretation of toxicity studies is missing, peer-reviewed
literature that is part of the weight of the evidence of the carcinogenicity of methyl iodide is
glossed over or omitted, documentation of models used to estimate Human Equivalent
Concentrations and exposures is not provided, critical data for occupational exposure mitigation
is not provided, upper- and lower-bound estimates of risk are not provided, and susceptible sub-
populations are not identified. Because the iodomethane risk assessment does not adequately
meet the Data Quality Act requirements, it lacks the transparency to allow qualified third parties
to reproduce its methods. Below, we provide examples (not intended to be comprehensive) of
inadequacies that are pervasive in the toxicology risk assessment.


1.1.3.1 Essential Information Is Missing from Risk Assessment Documents
It is impossible for PANNA scientific staff to assess the validity of claims regarding iodomethane
acute toxicity, developmental toxicity and chronic toxicity, including carcinogenicity. A much
more comprehensive summary of registrant toxicity tests with detailed descriptions of test results
must be provided by US EPA to enable the public to evaluate the validity of the risk assessment.


For the most part, the sections in US EPA’s risk assessment devoted to toxicity and toxicology
profiles are incomplete and often contain subjective and non-scientific language and terminology.
For example, terms like “marginal,” or “less severe” are used to describe toxicological effects.
These terms, without a quantitative ranking system or comparative scale, are of virtually no
scientific value. In some cases, there is no statistical analysis of the data presented and no
quantitative determination of statistical significance included in these toxicology summaries.
Validation of the selected no-observed-adverse-effect levels (NOAELs) and lowest-observed-
adverse-effect levels (LOAELs) cannot be made without this key information. Furthermore, in
some studies, numbers of animals in the test groups, survival rates and reasons for early death are
not provided, making it difficult to accurately assess the toxicity of the substance being tested and
the validity of the testing methods.


At a minimum, the following information should be provided for every toxicological study
summary:


a) Experimental doses used in both units of concentration (e.g., ppm) and dose per body
weight (e.g., mg/kg-day).


b) Number of animals per dose group.
c) The exact duration and frequency of exposures.
d) Purity of active ingredient tested and identity of any impurities.
e) List of endpoints evaluated (whether positive results, or not).
f) Observations of animal appearance and behavior after exposure and numbers of


animals affected.
g) Observations of pathological histological results and numbers of animals affected.
h) The time elapsed between exposure and assessment of potential adverse effects.
i) Number of animals that died or were sacrificed during the test period. Cause of death


for those animals dying prematurely.
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j) Statistical comparisons of dose-related toxicological effects.


The California Department of Pesticide Regulation (CDPR) routinely includes in its risk
assessments and Toxicology Data Review Summaries5 more complete descriptions of each
toxicology study submitted by the registrant, including a complete description of the experimental
design and statistical analyses of the data. Where applicable, publications obtained in the peer-
reviewed literature are used to supplement the registrant’s database. While CDPR has not yet
completed its evaluation of methyl iodide, we request that US EPA review the relevant CDPR
documents when they become available and include comparable levels of detail and scientific
analysis in its revised risk assessment documents. We also recommend that US EPA identify and
summarize areas of scientific disagreement with CDPR so that differences in interpretation and
methodology are transparent, readily understood, and open for public scrutiny.


In general, the information presented on the toxicology of methyl iodide is limited to studies
selected from the data submitted by the registrants to satisfy registration requirements. Studies not
used by US EPA are not included in the toxicology summaries. Nevertheless, without a summary
of the complete database, it is not possible to validate the selections made by US EPA nor is it
possible to make a determination regarding the overall weight-of-evidence for a given
toxicological effect. For example, in the case of methyl iodide, the registry of toxicity data
submitted to CDPR indicates that several dog studies were conducted, yet there was no discussion
of these studies in the EPA risk assessment. Because the data submitted by registrants is not
generally publicly available, we request that US EPA expand the toxicology sections to include
summaries of all data submitted by the registrants, whether they are guideline studies or not.
Alternatively, US EPA might consider attaching CDPR’s toxicology summaries as an appendix
when they become available. Although there still could be improvement in CDPR’s
documentation summarizing key studies, the information presented in CDPR’s documents is
more complete than what US EPA provides in its risk assessments. This alternative would also
facilitate comparison of US EPA and CDPR’s interpretations of the same scientific data.


1.1.3.2 Peer-Reviewed Literature Not Included or Cited
It is not clear whether US EPA searched the published literature for additional experimental
studies for use in this risk assessment, but it is apparent that if this were the case, US EPA did not
consider some of those studies in its toxicity assessments or include them as citations in the risk
assessment document. According to the Data Quality Act, the US EPA must conduct a
comprehensive search of the peer-reviewed literature and government documents for studies on
toxicology, epidemiology, metabolism and other pharmacokinetic data, environmental fate, and
risk assessment. We believe that important information available in the peer-reviewed literature is
neither included nor addressed in the registrants’ application for registration At a minimum, US
EPA should include in its risk assessments citations and references to the studies found as a result
of a comprehensive literature search, and if not considered in the toxicity assessment, an
explanation as to why the study results were rejected.


For example, several important papers on the carcinogenicity of methylating agents in general
and methyl iodide in particular were not reviewed or cited. There is also a large body of work on
iodine toxicity and carcinogenicity that was not reviewed or mentioned, even though EPA’s
rationale for ranking methyl iodide as “Not likely to cause cancer in humans at doses that do not
alter rat thyroid hormone homeostasis” is based on considerations of iodide toxicity.
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1.1.3.3 Lack of Transparency in PBPK Model HEC Determinations
Documents essential to the complete understanding of the HEC methodology cited in Appendix B
and the PBPK model described in Appendix A were not made available as part of the risk
assessment documents, nor were these documents even properly referenced. For example, in the
second paragraph of Appendix C, the second sentence begins “Based on the RfC guidance
(1994), the methodology for RfCs . . .” and in a later paragraph “The MVanimal is calculated using
the allometric scaling provide in US EPA (1988a)” A look at the end of the document indicates
that no references are listed, making it impossible to even determine which of US EPA’s
thousands of documents are being cited. The one document with a listed title, “Methods for
Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry
(1994)” is not readily available for download from US EPA’s Web site and US EPA’s 2002
guidance document on RfC methodology is not referenced at all.


In order to make the PBPK model and derivation of HECs for methyl iodide inhalation exposures
more transparent, we request that US EPA do the following:


a) Revise the appendix on the derivation of HECs to include a summary of how the
chemical-specific pharmacokinetic data derived from the PBPK model described in
Appendix A were used to arrive at the essential parameters used to calculated HECs
for iodomethane, including the specific parameters derived from the PBPK model.
The burden is on US EPA to present sufficient scientific documentation to confirm
that the use of its methods is actually more refined and reliable than the standard
default methods.


b) Define all acronyms, e.g., CFD, AUC.
c) Include a side-by-side comparison of the risk results obtained when incorporating


pharmacokinetic data and the lower uncertainty factors with the standard
methodology and the higher uncertainty factor.


d) Show the actual calculation used for each critical endpoint in the risk assessment
document. Include the specific variables used in the calculation, cite the sources and
include units, noting which endpoints are from modeled results and which are from
actual toxicological studies.


e) Include full citations to all referenced documents, including specific links to web
sites where the documents can be downloaded (or add the documents to the E-
Docket).


1.1.3.4 Lack of Transparency in Exposure Model
In the methyl iodide risk assessment, there is a section titled “ISCST3 Modeling Method (see p.
21). In this section one would expect to see a listing of all available studies considered (whether
from the peer-reviewed literature or submitted by the registrants to EPA, and whether selected or
not for use in the corresponding risk assessment), and a comparison of the flux profiles found in
the studies. In fact, there are no figures, graphs, or tables summarizing the flux profiles.


Given that flux estimates are absolutely essential for exposure estimates, this omission makes it
impossible to follow or comment on a critical part of EPA’s work. The presentation therefore
fails to be transparent.


We request that EPA include the necessary details of its “indirect back-calculation” for
iodomethane. An analysis should be presented for each application method, and for each
application method, there should be an analysis of the available studies (whether or not they were
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used or excluded). If different soil types, temperature conditions or other factors yielded different
results for the application method, those variations should also be analyzed and presented.
Limitations of each study should be discussed, and EPA’s rationale for reducing the various study
results to a final flux rate should be explained.


We suggest presenting this information in a table to facilitate comparison of the various study
conditions and results. Such a table would include columns for:


• Date and Location
• Monitoring Conducted by (e.g., CA DPR, registrant, et cetera
• Application Rate (lbs active ingredient/acre)
• Acres Treated
• Soil Temperature
• Distance of Monitoring Station to Field Border (feet)
• Location of Stations Relative to Prevailing Wind Direction (Upwind, Downwind,


Variable)
• Maximum Concentration at Distance (ng/m3)
• Calculated Flux Range
• Notes


1.1.3.5 Incomplete Data Set for Occupational Risk Mitigations
EPA suggests that workers will be protected by use of respirators equipped with respirator
cartridges, yet no U.S. governmental agency has conducted independent review of the
manufacturer's testing of these cartridges in a methyl iodide atmosphere. To the best of our
knowledge, U.S. EPA has not even obtained results of individual tests, number of replicates, or
calibration of equipment used in manufacturer’s tests. We feel that independent review is
particularly important for charcoal-based cartridges used to protect against methyl iodide because,
unlike many other volatile organic compounds, methyl iodide may not adsorb well to charcoal
based respirator cartridges.


1.1.3.6 Failure to Identify Susceptible Sub-Populations
Toxicology studies with methyl iodide indicate that this chemical causes neurotoxicity,
developmental toxicity, carcinogenicity, and thyroid toxicity. Susceptible populations that should
have been evaluated separately include infants and children, for developmental neurotoxicity and
their additional susceptibility to cancers mediated by GSTT1; and sub-populations with
autoimmune thyroid disease and iodine deficiency who respond adversely to excess exposure to
iodide. We request that EPA evaluate risks to these susceptible sub-populations and insert
appropriate uncertainty factors to protect these groups.


1.1.3.7 Upper- and Lower-Bound Risks Not Provided
Use of the PBPK model requires that a number of assumptions be made about the mode of action
and parameterization of the model (see Section 1.2.1 and 1.2.2). Each assumption should have
been accompanied by upper- and lower-bound estimates of the chosen value of the parameter. No
such estimates were provided. We request that EPA provide the full range of potential variability
in the results predicted by the PBPK model.
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1.2 Derivation of Human Equivalent Concentrations
The PBPK model presented by EPA as part of the methyl iodide risk assessment is an interesting
attempt at modeling, but leaves much to be desired in terms of certainty. As such, we cannot
support the conclusions obtained from the model and urge EPA to use the default method that
utilizes the NOAEL and both intra- and inter-species uncertainty factors of 10. In particular, the
model relies on multiple assumptions for which little supporting data are provided or referenced.
Some assumptions are flatly contradicted by data from the other studies, and the majority of these
assumptions skew the results systematically in the direction of allowing greater exposures to
methyl iodide. We elaborate on these assumptions below, with some key questions highlighted
that we request EPA respond to.


1.2.1 Rat to Human Nasal Effects Modeling:
Assumption 1: The critical endpoint of nasal epithelial degeneration in the rat is the same as the
critical endpoint in the human.
Questions/comments: The reliability of the model is based entirely on the assumption that the
critical endpoint for methyl iodide toxicity in humans will be nasal olfactory epithelial
degeneration, yet it is impossible to know precisely what the target tissues and critical endpoints
are in a human. The fact that radiolabeling studies in rats with 14CH3I demonstrate that the
radiolabel is excreted in the urine and feces, exhaled as 14CO2, and widely distributed in the body
after seven days suggests that there are many possible routes of toxicity for this chemical. The
likelihood is high that the proposed model that focuses exclusively on the nasal epithelium is
inappropriate for humans. What data do EPA have that support this critical hypothesis?


Assumption 2: Human glutathione transferase activity and turnover rate is identical to that of the
rat.
Questions/comments: These two parameters appear to be the most sensitive for extrapolating
from rats to humans, and as such are critical to an accurate estimate of methyl iodide exposure in
the nasal epithelium. The work of Shokeer et al. 2005 cited in Appendix A on p. 4 indicates that
human GST activity is an order of magnitude less than that of the rat:


“The replacement of Trp234 in human GST T1-1 by arginine, found in the rodent
enzyme, enhanced the alkyltransferase activity by an order of magnitude with a series of
homologous iodoalkanes and some typical GST substrates.”6


In light of Shokeer’s work, EPA states: “ . . . the estimates based upon the rat are likely a modest
[italics added] overestimate of human metabolic capability supporting the original
parameterization.” The main question we have for EPA is how can you categorize an order of
magnitude difference in alkyltransferase activity as “modest”? How can EPA possibly “judge the
current parameterization to be acceptable for use at this time . . .” when one of the most sensitive
parameters is off by a factor of 10? Why is EPA not requiring the registrant to modify the model
to account for this difference in human/rat GST activity?


Assumption 3: All humans have the same ability to express glutathione transferase, the enzyme
that, according to the proposed model, is responsible for detoxification of methyl iodide in the
nasal epithelium.
Questions/comments: The human genome mapping project indicates that there is substantial
variability among humans in their ability to produce glutathione transferase theta-1 (coded for by
the gene GSTT1), the enzyme primarily responsible for detoxifying electrophilic xenobiotics like
methyl iodide. Polymorphism in the GSTT1 gene results in a large fraction of the population that
lack the ability to produce this enzyme at all. According to the CDC:7
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“Among those of European ancestry, 15%-31% have no functional GSTT1 enzyme.
African descendents have frequencies ranging from 22%-29% while those of Hispanic
origin carry GSTT1 deletions of 10%-12%. European studies have reported that the
GSTT1 deletion genotype was present among 21% of Italians and 28% of Slovakians.
One South American study found that 19% of both Caucasian and black Brazilians had
the deletion genotype compared to 11% of Amazonian Brazilians. Asians have the
highest reported GSTT1 deletion genotype. One study reported 58% of Chinese and 38%
of Malaysians have the GSTT1 null genotype; two case-control studies measured 42%
and 46% among Koreans. However, a recent population-based study conducted among
Chinese found a prevalence of 46% for the GSTT1 deletion genotype among their study
subjects.”


The fact that this variability is not addressed by the model is briefly mentioned in Section 4 on
Human Variability Modeling. Interestingly, EPA considers the people lacking GSH “ . . .to be at
decreased [italics added] risk due to their inability to carry out GSH-dependent metabolism of
methyl iodide.” This is an unfortunate characterization of risk. While the risk of degeneration of
the nasal olfactory epithelium might be lower, the risk of other toxicity caused by the greater
amount of methyl iodide available in other parts of the body would be increased. More
importantly, for people who cannot produce GSTT1, the nasal olfactory epithelial model is not
applicable at all and cannot be used to determine a HEC. What steps is EPA taking to ensure
protection of the 11-58% of people who do not produce this enzyme?


Assumption 4: Damaged nasal epithelial tissue produces the same amount of GSH as healthy
tissue.
Questions/comments: The ability of the nasal epithelium to scavenge methyl iodide is dependent
on its ability to produce GSH, yet EPA states that the “overall incidence of olfactory epithelium
degeneration was 90% for males and 75% for females after 1 year and 100% for both sexes after
2 years.” [Cancer Assessment, p. 8] Because the results of the model are highly sensitive to GSH
concentrations and turnover, any reduction in GSH levels in the nasal epithelium will lead to a
substantial underestimate of risk. What evidence is there that damaged nasal epithelial cells
continue to produce GSH at levels assumed by the model? What is EPA doing to account for the
possibility that damaged epithelium may no longer be able to produce GSH?


Assumption 5: The only GSH-depleting substance that will be encountered by people is methyl
iodide.
Questions/comments: The actual availability of GSH in the nasal epithelium to detoxify methyl
iodide is dependent on exposure to all GSH-depleting substances, not just methyl iodide. Other
common GSH-depleting exposures include tobacco smoke, other fumigants and some additional
pesticides, engine exhaust and other environmental contaminants. Without consideration of these
other GSH-depleting exposures, the model will overestimate the amount of methyl iodide that can
be removed through reaction with GSH. Why were these known environmental pollutants not
considered as part of the model?


Assumption 6: GSH is assumed to be the only “sink” for methyl iodide in the nasal epithelium.
Questions/comments: EPA did recognize that “It is possible that non-enzymatic methylation of
proteins and other macromolecules is a component of the mode of action for methyl iodide-
induced nasal toxicity.” [Appendix A, p. 3]. If EPA believes this is true, what action is being
taken to increase the uncertainty in the model results?
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Assumption 7: The human posterior epithelial stack is very small and gas transfer is negligibly
small.
Questions/comments: How do these assumptions of a small surface area and low gas transfer
rate relate back to the calculated RGDR (which depends on surface area and gas transfer rates)
and the subsequent HEC? How sensitive is the analysis to this parameter? Please provide the
detailed calculations that describe these relationships.


Assumption 8: “Gas-phase, mass transfer resistance for the olfactory region . . was estimated
based on assumptions about that region.” [Appendix A, p. 3]
Questions/comments: Assumptions here are unstated. What are these assumptions?


Assumption 9: Test animal exposures mimic those of an exposed human population.
Questions/comments: A serious flaw in the HEC process is that test animal exposures to methyl
iodide do not match anticipated human exposures. Most inhalation exposures for laboratory
animals are set at a constant concentration for six hours per day, five days per week, providing
time for the animals’ repair systems to respond to the chemical insult during the “rest” periods.
Exposure patterns for people living near fumigant application sites are substantially different,
with an exposure spike that may cause acute effects during the first day or two after the
application, followed by a decreasing concentration over the next week or two. Exposure can be
continuous (assuming one stays at home and the wind direction is constant), with no opportunity
for recovery. Because of the possibility of mixed acute and sub-chronic effects, this failure in
inhalation exposure testing and modeling is likely to be one of the most significant flaws in
current reference concentration (RfC) methodology that leads to an underestimation of the actual
HEC. While EPA acknowledges this as a complication [Appendix A, p. 6], especially for GSH-
dependent toxicity, no additional uncertainty factors are included to account for this unknown.
Because the time course and duration of animal inhalation studies do not effectively mimic
human exposures, US EPA should increase the value of the uncertainty factor to ensure that the
HEC is not an underestimate of human exposure.


Additional question:
• How is the PBPK model calibrated? Please provide public access to the model


documentation so it is possible to evaluate the calibration procedure.


1.2.2 Rabbit to Human Developmental Toxicity Modeling
It is clear from the summary evaluation of this model that EPA did not do a thorough review of
this model.


• “The equations and computer implementation for the pregnancy modeling were only
screened, assuming that they were consistent with the previous modeling published in
peer-reviewed journals.” [Appendix A, p. 9]


• “ . . . the parameter values and model fits for the nasal extraction were not reviewed.”
[Appendix A, p. 10]


• “ . . . it is not clear which individual parameters are significantly constrained by the data.”
[Appendix A, p. 10]


It is incumbent upon EPA to require a complete data set and do a careful evaluation of any model
used to make regulatory decisions such as registering a pesticide. EPA needs to check all parts of
any model, not just assume that no changes have been made or that parameters are “correct”,
especially in light of the problems noted above with parameters used by the registrant in the rat
PBPK model. In the particular case of methyl iodide, a pesticide with multiple toxic effects that is
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not yet registered, it is incumbent on the registrant to clarify and justify all assumptions and
summarize all relevant literature to make it possible for EPA to evaluate and verify any
assumptions made and used in this model with a reasonable amount of effort. If this information
is not provided in an accessible format to EPA, we recommend that EPA not use the HEC
approach and use the default method that relies only on the NOAELs, with the incorporation of
both intra- and inter-species uncertainty factors of 10.


The most significant problem we see with the developmental toxicity model that uses fetal serum
iodide as the dose metric is the assumption that fetal serum iodide concentrations are only 75% of
maternal serum iodide concentrations. EPA presents known information on this ratio for a variety
of species for which data are available, summarized in Table 1-1 below [Appendix A, pp.11-12].


Table 1-1: Estimated Ratios of Fetal to Maternal Serum Iodide
Concentrations


Species [Fetal serum iodide]
[Maternal serum iodide]


Rabbit ~3
Guinea pig >1
Sheep >1
Rat ~1
Human (Millard et al.)8 ~3 (estimated)
Human [EPA, Appendix A] 0.75 (used in PBPK model)


EPA then discusses previous literature studies, none of which provides a definitive study showing
the actual relationship between human fetal and maternal serum iodide concentrations but
concludes (paradoxically) by stating: “The limited and often indirect information available
suggest that human fetal serum likely does not have as high concentrations relative to maternal
serum as are observed in a number of animal species. . . . The HEC of 17 ppm modeled using the
assumption that human fetal serum levels are 75% of maternal levels likely represents a high or
perhaps reasonable estimate . . .”


• In light of the data presented in Table 1-1 showing fetal serum iodide concentration either
equivalent to or above maternal concentrations for a number of species, as well as the
other studies cited by EPA demonstrating uncertainty in the relationship between human
maternal and fetal thyroid levels, how does EPA justify the assumption that “. . . an HEC
of 17 ppm [based on human fetal iodide serum concentration at 75% of maternal levels]
likely represents a high or perhaps reasonable estimate” when no other animal model
studied was less than 100%?


• In the absence of conclusive data, EPA should assume the worst-case scenario in order to
protect public health. If EPA insists on using this flawed PBPK model for developmental
toxicity, we recommend using a [fetal serum iodide]/[maternal serum iodide] ratio of
three, as indicated by the Millard study.


1.2.3 Summary Recommendations on PBPK Model
In summary, this PBPK model is not well developed enough to use as a basis for increasing
permissible exposure levels, as it has been used in the current risk assessment document. If this
chemical is registered based on the proposed model, the likely result of EPA’s systematic
underestimation of toxicity and exposure would be harmful exposures to near-field populations in
rural areas. Most assumptions made in the parameterization of the model allow for greater
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exposure to methyl iodide, and in contradiction to the Data Quality Act, no upper and lower
bounds to “acceptable” values of HECs have been calculated based on each estimated
parameter’s uncertainty.


EPA’s conclusion that the selected UF of 3.0 is likely to be protective is completely unfounded,
and in fact, contradicted by much of the available data. EPA even notes that “The nasal model has
a significant number of parameters a substantial fraction of which had to be estimated for the
human model without support of data for methyl iodide in humans. These estimates appear to be
made in reasonable ways, but still they carry uncertainty” [Appendix A, p. 3]. Yet in spite of the
admitted uncertainty in both the nasal model and the toxicological model (see above), EPA did
not impose additional uncertainty factors.


We recommend that EPA refuse to use this flawed PBPK model for determining HECs and
instead use the default method with both intra- and inter-species factors of 10 as a more health
protective standard.


1.3 Acute Toxicity of Methyl Iodide
We have several concerns about the way acute NOAELs were determined for iodomethane.


Not enough detail is provided to evaluate the choice of the acute NOAEL from the sub-
chronic study. The risk assessment states that “There were no effects of treatment on mortality,
ophthalmology, urinalysis, hematology, organ weights, or gross pathology.”


• Were any other parameters evaluated?
• Were the respiratory tract, salivary glands or thyroid examined at both macroscopic and


microscopic levels? If so, what was observed?
• Why was the standard acute toxicity test not required?


Prior peer-reviewed work suggests that methyl iodide causes disturbances in lipid and
sugar metabolism. Injected doses of 57 mg/kg of CH3I for 2 days resulted in a five-fold increase
in plasma triglyceride levels, with a significant increase in the very low-density lipoprotein and
accumulation of fatty deposits in the liver.9 Another study showed that when methyl iodide was
injected into rabbits, basal levels of insulin and glucagons increased, and plasma glucose levels
responded abnormally to insulin and glucose injections, indicating disturbances in the regulation
of carbohydrate metabolism.10


• In consideration of these known effects published in the peer-reviewed literature, were
blood lipid and blood sugar levels evaluated and the adverse effects taken into account? If
not, we request that EPA investigate and evaluate these adverse effects prior to
registration.


We are concerned about the use of a 24-hour average value for glutathione depletion.
Glutathione (GSH) depletion is suggested to be a key event leading to the critical toxic effect in
rats, damage of the nasal olfactory epithelium. It is also proposed that GSH acts as a protective
mechanism that scavenges methyl iodide from the respiratory tract. EPA states “It should be
noted, however, that the emission profile of iodomethane suggests that during peak emissions
GSH depletion may be higher than 25% (e.g., 38%)”.


• For what exposure scenario (what concentration in air for what period of time) does 38%
depletion apply? How was this number determined? How does it compare to exposures
anticipated near application sites? Please provide sufficient detail to evaluate the
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accuracy of this number. We are not convinced that it is only the sustained decrease in
GSH levels that is critical here.


• We request that EPA provide information to justify the use of a 24-hour exposure
average, when in fact, exposures will be much higher than average during the application
period and the 4-8 hours after the application is complete.


We note that the dose of 691 ppm listed as the LC50 in Appendix B for guideline study acute
inhalation-rat (LC50) is not one of the doses listed as tested.


• Please clarify.


Methyl iodide is more acutely toxic than methyl bromide. We note that, although the registrant
has been promoting methyl iodide as less toxic than methyl bromide, most studies and worker
protection standards indicate that methyl iodide is more acutely toxic than methyl bromide under
comparable conditions (see Table 1-2).


Table 1-2: Comparison of Acute Toxicity for Methyl Iodide and Methyl Bromide
Study Description Methyl iodide Methyl bromide


EPA 870.6200: Inhalation
Acute Neurotoxicity - Rats


0, 27, 93, or 401 ppm, 6 ha


Systemic NOAEL = 27 ppm
Systemic LOAEL = 93 ppm


0, 30, 100 or 350 ppm, 6 hb


Systemic NOAEL = 100 ppm
Systemic LOAEL = 350 ppm


EPA 870.1300: Acute
Inhalation - Rat


4-h LC50 = 691 ppm (4 mg/L)* 4-h LC50 = 3.03 mg/L


LC50 Mouse inhalation 5 mg/L, 57 minc 4.680 mg/L, 1 h (1,200 ppm)d


LC50 Rat inhalatione 1,300 mg/m3, 4 h 780 ppm, 4 hrf


7,300 mg/m3 g
OSHA PELh 5 ppm (28 mg/m3), 8-hour


TWA
20 ppm (80 mg/m3), ceiling


LC50 Rat inhalationi 1,750 ppm for 30 min 2,800 ppm for 30 min
LD50 Rat orale 76 mg/kg 214 mg/kg
                                                                           
*None of the iodomethane doses listed in Appendix B of Reference 1 for this study was 691 ppm. There
appears to be a mistake in the table, so it is not clear what the 4-h LC50 should be for iodomethane.
aIodomethane Preliminary Risk Assessment, Appendix B: Toxicity Profile, U.S. EPA, January 2006.
bMethyl Bromide Preliminary Risk Assessment, Appendix A: Toxicity Profile, U.S. EPA, July 2005.
cG.D.Clayton, F.E. Clayton, (eds.) Patty’s Industrial Hygiene and Toxicology, Volumes 2A-2F,
Toxicology. 4th ed., John Wiley & Sons (New York, 1993-1994.
dAlexeef GV et al; J Toxicol Environ Health 15 (1): 109-23 (1985).
eR.J. Lewis, Sax’s Dangerous Properties of Industrial Materials, 9th ed, Vol. 1-3, Van Nostrand-Reinhold
(New York, 1996).
fKato W et al; Indust Health 24 (2): 87-103 (1986).
g IPCS, Intox Databank, Canadian Center for Occupational Safety and Health,
http://www.intox.org/databank/index.htm.
hOSHA Permissable Exposure Limits, 29 CFR 1910.1000, Table Z-1: Limits for Air Contaminants, 2003.
iG.N. Bakhishev, Relation between the chemical structure and toxicity of some halolgenated aliphatic
hydrocarbons, Fiziol. Akt. Veshchestva 7:35-36 (1975) (Rs), from NIOSH Current Intelligence Bulletin 43:
Monohalomethanes, Methyl Chloride, Methyl Bromide and Methyl Iodide, Sept. 1984,
http://222.cdc.gov/niosh/84117_43.html.
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1.4 Carcinogenicity
Alkylating agents like methyl iodide are among the most clearly defined and well-studied group
of carcinogens known, and there is a substantial body of chemical and toxicological literature that
was not considered in this risk assessment. As stated in a 2003 review article:


“It is now fairly well established that physiological methyl group deficiency and
abnormal DNA methylation are involved in the etiology of several pathological
processes. . . The pathologies considered are cancer, pancreatic toxicity and
diabetes, atherosclerosis, birth defects, and neurotoxicity. . . The results indicate
that a number of such agents appear to exert their pathological effects, at least in
part, through abnormal methylation processes.”11


Part of the weight of the evidence that points to the carcinogenicity of methyl iodide is the
massive amount of prior literature demonstrating the methylating/mutagenic properties of these
chemicals as a group. EPA appears to be dismissing early peer-reviewed studies in favor of two
non-peer-reviewed studies conducted by the registrant that are flawed in design and execution.
Before EPA registers this substance as a pesticide to be used near homes and schools at 175
pounds per acre, it is imperative that a more thorough evaluation of the weight of the evidence be
developed by conducting a comprehensive literature search on the mutagenicity and
carcinogenicity of the methyl halides (and other structurally related chemicals, like the ethyl
halides), as well as other known methylating agents.


1.4.1 General Chemical Considerations
Methyl iodide is widely used in chemical synthesis because of its extraordinary ability to react
with electron-rich molecules via methylation reactions. Methyl iodide is more reactive than
methyl bromide because of the iodide ion’s larger size, which alters the thermodynamics of the
reaction through stabilization of the product molecules relative to the starting materials for a
given substrate. For students of organic chemistry, this differential reactivity is more commonly
phrased as “iodide is a better leaving group than bromide.”


With some common knowledge of chemical reactions, one can see where methyl iodide fits into a
continuum of methylating ability by evaluating the reactivity of a sequence of methylating agents.
On one end of the spectrum is the weak alkylating agent, methanol (CH3OH), which requires an
acid catalyst, heat and some time for reactions to occur. At the other end of the spectrum are
compounds like methyl triflate (CH3OSO2CF3), one of the most powerful methylating agents
known, which is so reactive that when this chemical is exposed to air, it reacts immediately with
water vapor in the air, forming white fumes at the source of the methyl triflate vapors. In between
these two extremes are the methyl halides, with methyl iodide a stronger alkylating agent than
methyl bromide, which is a stronger alkylating agent than methyl chloride.


Because of this high reactivity and known alkylating ability, synthetic chemists treat methyl
iodide with great respect, handling it only in a hood under an inert atmosphere and using specially
sealed bottles and syringes for transfer to ensure that none of this highly toxic chemical escapes.
The proposed release of massive amounts of this chemical into the environment is contrary to
safe chemical management practices, and scientists familiar with the chemical have expressed
amazement that the EPA is actually considering it for use as a soil fumigant.
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1.4.2 Structure-Activity Relationships
EPA’s choice of molecules for comparison to methyl iodide to evaluate structure-activity
relationships should be expanded, and additional studies need to be considered when assessing
the accuracy of existing cancer ratings. Methyl bromide is used as the first comparison molecule,
and EPA uses its own cancer rating of “Not likely to be carcinogenic to humans” to make the case
that methyl iodide is not a carcinogen either. Unfortunately, EPA’s cancer classification of
methyl bromide failed to take into consideration a very carefully done epidemiological study that
showed a clear dose-response between methyl bromide exposure and prostate cancer,12 a type of
cancer that was not detected in the rodent bioassays. In addition, the increased chemical reactivity
of methyl iodide compared to methyl bromide would suggest that a direct comparison to methyl
bromide would likely under-predict the carcinogenicity of methyl iodide.


A second molecule, iodinated glycerol, is also put forward for comparison. This particular
molecule is not a particularly good model for methyl iodide because of its vastly different polarity
due to the presence of two hydroxyl groups. The ability of this molecule to form hydrogen bonds
will radically alter the way the compound binds to and reacts with biomolecules compared to
methyl iodide.


Because methyl iodide is a methylating agent, it is appropriate to compare it to a variety of other
methylating agents as structural analogs, including: Dimethyl sulfate (IARC lists as a Probable
(2A) carcinogen); methyl methanesulfonate (IARC lists as a Probable (2A) carcinogen); and N-
Methyl-N-nitrosourea (NTP lists as Reasonably Anticipated to be a carcinogen).


In light of the epidemiological evidence for carcinogenicity of methyl bromide and the known
ability of other alkylating agents to cause cancer, the assignment of a “Not Likely” cancer rating
for methyl iodide seems odd indeed. We urge EPA to expand its SAR evaluation to other
methylating molecules and to more carefully evaluate the registrant’s cancer data set.


1.4.3 Biological Reactivity of Methyl Iodide
The chemical reactivity of methyl iodide has known biological consequences. Specifically, it
reacts readily with biomolecules like DNA, in a process that alters the structure of DNA and leads
to mutations. Methyl iodide also reacts with proteins, especially sulfhydryl-rich proteins, thus
altering their structure and function.13 As discussed at length in the risk assessment, methyl iodide
reacts with glutathione (GSH) through this mechanism, as well as other biomolecules.


Vapors of methyl iodide induce DNA damage and are “mutagenic to bacteria in the presence or
absence of an exogenous metabolic system”.14 Methyl iodide is also commonly used to create
mutant mammalian cell lines in the laboratory.15 Radioactive labeling studies in rats demonstrate
a systemic genotoxic effect, as indicated by DNA damage to the lungs and digestive tract
specifically caused by methyl iodide.16


Studies in which methylated DNA derivatives have been isolated and identified indicate that
methyl iodide can interfere with DNA repair mechanisms by reacting with one of the repair
enzymes, O6-methylguanine-DNA methyltransferase, thus enhancing the susceptibility of the cell
to other alkylating agents.17


A recent review article entitled “Mechanisms of Carcinogenicity of Methyl Halides” compared
the mutagenicity and carcinogenicity of methyl chloride, methyl bromide and methyl iodide via
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inhalation exposure.18 Methyl bromide and methyl iodide were both found to have systemic
alkylating ability via inhalation, and methyl bromide has since been linked to prostate cancer (see
above) in an epidemiological study. The author’s comment on methyl iodide was: “Methyl iodide
has been tested, with positive outcome, in early carcinogenicity bioassays not based on modern
methodology. However, these results, along with the proven systemic methylating potency of
methyl iodide, argue in favor of a carcinogenic effect of the compound.”


1.4.4 Cancer Rankings of Iodomethane by Other Authoritative Bodies
Because of the chemical and biological reactivity of methyl iodide, the National Institute of
Occupational Safety and Health (NIOSH) recommended that this chemical be considered as a
potential occupational carcinogen,19 and the state of California lists it as a carcinogen under
California’s Proposition 65 statute.20 Australia lists it as a Category 3, Suspected human
carcinogen; Germany lists it as “unmistakably carcinogenic in animal experimentation only”
(1992); and Sweden lists it as carcinogenic (1991).21


The International Agency for Research on Cancer (IARC) indicates that: "No epidemiological
data relevant to the carcinogenicity of methyl iodide were available. There is limited evidence in
experimental animals for the carcinogenicity of methyl iodide." Because of this lack of data,
IARC lists this chemical as "unclassifiable" as to its carcinogenicity.22 While there are no recent
animal bioassays in the peer-reviewed literature, the older animal studies cited and described by
IARC indicate that cancers resulted from exposure to this chemical in all experiments at most
dose levels tested, and in some instances from only a single moderate exposure. For example:


“In an early study designed to test the carcinogenic potential of methyl iodide
(and other halides) in mice methyl iodide at doses of 0, 0.36, 0.9 or 1.8 mg/kg
was administered by intraperitoneal injection (i.p.) three days per week for eight
weeks. Among the mice given the highest dose (1.8 mg/kg), 9 of 20 animals died.
The surviving 11 mice were killed 24 weeks after the first injection. Five of these
11 mice had developed lung tumors (statistically significant at p<0.05).”23


"Groups of BD rats (substrain and sex unspecified), about 100 days old, received
weekly subcutaneous injections of 10 (16 animals) or 20 mg/kg body weight (eight
animals) methyl iodide (purity unspecified) in arachis oil for about one year (total
dose, 500 or 900 mg/kg body weight), or a single subcutaneous injection of 50
mg/kg body weight (14 animals), and were observed for life. Four and two animals
in the first two groups, respectively (25%), died of pneumonia. Subcutaneous
sarcomas occurred in 9/12 rats injected with 10 mg/kg body weight, in 6/6 rats
injected with 20 mg/kg body weight and in 4/14 rats given a single injection of 50
mg/kg body weight. No subcutaneous tumor was reported to have occurred in
control rats ... injected with arachis oil alone. Local tumors occurred more than one
year after the first injection; histologically, these were fibrosarcomas and spindle-
cell and round-cell sarcomas. In most cases ... pulmonary and lymph-node
metastases were observed."24


The first study demonstrates that methyl iodide can cause cancers remote from the portal of entry.
While the rat study involved dosing via subcutaneous injection, an exposure route that is likely to
overwhelm any protective mechanisms at the injection site, it does provide one particularly
important observation—that rats acquired tumors after a single 50 mg/kg dose when allowed to
live out their normal lifespan. Considering that a 2-year-old rat is equivalent to a 53-year-old
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human, EPA should consider the possibility that tumors caused by methyl iodide may have a long
latency period that would limit the ability of a 2-year rat study or 18-month mouse study to
adequately assess the carcinogenic potential of the substance, especially when a large fraction of
the animals die during the study.


1.4.5 U.S. EPA’s Cancer Assessment
We do not agree with U.S. EPA’s assessment that sustained perturbation of thyroid hormone
homeostasis is likely the sole mode of action for the carcinogenicity for methyl iodide. While
methyl iodide is a source of iodide (with excess iodide known to disrupt thyroid function), it is
also an alkylating agent. It is difficult to draw conclusions from the 2-year rat study submitted by
the registrant because the quality of the data is insufficient (see Section 1.4.5.1 below). The
mouse study cited by IARC23 in which i.p. injection of methyl iodide led to lung tumors indicates
that methyl iodide can cause tumors at sites other than the thyroid. The registrant’s mouse study
also showed evidence of incipient uterine and cervical tumors. Thus, the evidence for thyroid
hormone perturbation is not sufficient to dismiss a linear extrapolation, non-threshold model for
estimating cancer risks.


The fact that methyl iodide is a strong genotoxic agent suggests a more traditional mode of action
for carcinogenesis. As mentioned above, the mutagenicity of methyl iodide, methyl bromide and
other methylating agents is well-documented, as is its ability to form adducts with DNA. Indeed,
the fact that 10-15% of 14C from a 14CH3I dosing study remained in the carcasses of the dosed
animals (highest concentrations in kidney, liver and thyroid) one week after exposure to methyl
iodide indicates that methylation in these tissues is occurring.


Additional data would be required to confirm the registrant’s hypothesis that sustained
perturbation of thyroid hormone homeostasis is likely the sole mode of action for the
carcinogenicity for methyl iodide. One such study would be to test for the presence of thyroid
tumors in animals dosed with methyl iodide in the presence of an inhibitor of thyroid hormone
uptake/synthesis or an inhibitor of iodine uptake.


We recommend that EPA use a linearized multistage model analysis of cancer data to assess the
carcinogenicity of methyl iodide.


1.4.5.1 Rat Study, Inhalation
We are particularly concerned that the Cancer Assessment Review Committee used only a single
inhalation rat study to come to its conclusion that methyl iodide should be listed as “Not likely to
cause cancer in humans at doses that do not alter rat thyroid hormone homeostasis”—a study in
which 62-66% of the rats in both the control group and the high dose group died during the
experiment and only 52-54% of the rats in the other dose groups survived (see p. 11 in the Cancer
Assessment). Of particular concern is that the tumor count appears to have been done only for
animals that survived beyond the first year of the study, “Number of tumor bearing
animals/Number of animals examined, excluding those that died or were sacrificed before week
53.” (See page 7 in the Cancer Assessment, footnote to Table 1).


• What did the rats in all groups, including the control group, die of?


There appears to be an additional problem with the control group, as indicated by the statement:
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“The increased incidence of follicular cell carcinoma (10%) in the 60 ppm males was not
statistically significant compared with concurrent controls (percentage not provided),
however, it was greater than the historical control incidence (0.88%) at the test facility
and exceeded the range of spontaneous incidence (0.87-3.85%) reported for this strain by
CRL.” (Cancer Assessment, p. 6)


These observations call into question the scientific validity of the study. Was the control chamber
sufficiently isolated from the treatment chambers? Was there a possibility that rats from the
different groups were allowed to mingle? How different was the survival rate of this control
group as compared to historical controls of this type of rat? EPA needs to know more about why
survival rates were so low and discuss this aspect of the study as part of the risk assessment.


EPA’s cancer rating for inhalation exposure is appears to be based solely on this inhalation rat
study. The weight of the evidence—based on known mutagenicity, known ability to alkylate
DNA, prior studies demonstrating the ability of methyl iodide to cause tumors in laboratory
animals, SARs, and other authoritative bodies’ assessment of methyl iodide—points
overwhelmingly to methyl iodide being a carcinogen. EPA’s reliance on a single flawed rat study
conducted by the registrant that suggests the opposite conclusion ignores the weight of the
evidence. It could materially and adversely affect public health and safety if EPA uses
information of low scientific quality on which to base a registration decision. We strongly
recommend that EPA not approve the registrant’s rat cancer study, nor rely on it for any
toxicological evaluation of methyl iodide.


1.4.5.2 Mouse Study, Dietary
We also have concerns about the dietary mouse cancer study. An EPA pathologist initially
diagnosed the uterine/cervical tumors observed as cancerous, but this result was questioned,
presumably by the registrant. A re-evaluation of the study by two EPA pathology working groups
led to the conclusion that these tumors “ . . .were not treatment-related because they occurred
only in animals sacrificed at study termination, were microscopic in size, had no precursor lesion
(hyperplasia), and were not found in rats treated with iodomethane for 2 years.” We have the
following questions about this conclusion.


• How does the observation that these tumors were only detected at study termination and
were microscopic in size definitively lead to the conclusion that these tumors were
unrelated to treatment? This observation appears to be an additional piece of evidence
suggesting that the latency period for cancers caused by methyl iodide is longer than the
study periods used in guideline tests.


• How was the conclusion of “no precursor lesion (hyperplasia)” determined? From the
interim sacrifice animals? If so, how many animals were sacrificed?


• How does the observation that these types of tumors were not found in rats provide any
rationale for concluding that the tumors in the mouse are unrelated to treatment? There
are many examples of carcinogenic chemicals that cause different types of tumors in one
species compared to another. There may be a mechanism of action (protective or tumor-
causing) that is operative in one species, but not the other. Please explain your reasoning.


1.4.5.3 Special Susceptibility of Children and Other Vulnerable Populations
The data indicate that methyl iodide conjugation with glutathione via glutathione transferase
(GST) plays an important role in the metabolism/detoxification of methyl iodide. There is a broad
genetically determined polymorphism in glutathione transferase activity among humans referred
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to as “fast and slow conjugators.”25 There are also ethnic differences in the prevalence of the
genotype.26 The polymorphism of glutathione transferase activity may result in different dose
responses among individuals in a population with varying toxic responses to methyl iodide
exposure. Therefore, these differences in metabolism (conjugation) may be a factor in identifying
susceptible subpopulations that would require more consideration in the risk assessment.


In humans, GST develops before the eleventh week of gestation and does not change rapidly.
Depending upon the genetic combination of various alleles, a more then 100-fold difference in
isozyme activity has been reported among adults27 and a five-fold difference between adult and
fetal GST levels.28 Additional uncertainty should be incorporated in the assessment of the risk for
the developing fetus, infants, children, and susceptible individuals who lack GST to account for
the uncertainty and variability in the mechanisms of methyl iodide metabolism.


1.4.5.4 Quality of the Registrant’s Mutagenicity Data Is Suspect.
The fact that all but one of the mutagenicity studies submitted by the registrant was
negative, when study after study in the peer-reviewed literature of in vitro and in vivo assays
clearly demonstrate the mutagenicity of methyl iodide suggests that registrant did not conduct
these tests correctly, as noted by EPA. The fact that these poorly done studies were submitted as
evidence to make the case that methyl iodide is not a mutagen should be viewed with extreme
concern on the part of EPA. The fact that the registrant was willing to submit one study that was
badly done in an attempt to make the chemical appear to be less harmful than it actually is should
make EPA skeptical of other studies submitted by the registrant.


1.5 Other Observed Toxicity


1.5.1 Body Weight Effects
In the discussion of the rat Chronic/Cancer study, EPA states “In addition to the histophathology
findings described above, iodomethane exposure led to decreases in body weight (18-20%) and
body weight gains (27-28%) in both sexes.” [Cancer Assessment, p. 11]


• At what dose(s) did these body weight effects occur?
• Did EPA consider decreases in body weight and body weight gains an “adverse” effect or


not?


1.5.2 Thyroid Hormone Effects
In addition to the thyroid tumors observed in the survivors of the Chronic/Cancer study, large and
significant changes were observed in thyroid hormone levels. Thyroid hormones are intimately
tied to metabolic disorders and immune function. Exposures to high levels of iodide may result in
thyroid gland dysfunction, manifested as hypothyroidism, hyperthyroidism, thyroid
autoimmunity, thyroiditis, sensitivity reactions, thyroid papillary cancer, and/or acute responses
in some individuals. These effects occur at lower levels than the reproductive toxicity caused by
excess iodide noted in the methyl iodide risk assessment. EPA indicates in their risk assessment
of potassium iodide that: 29


The ATSDR draft report has set the MRL for acute-duration oral exposure (1-14
days) at 0.01 mg/kg/day.The Tolerable Upper Intake Level is 0.2 mg/day for
children 1-3 years old, 0.3 mg/day for children 4-8 years old and 0.6 mg/day for
children 9-13. The Tolerable Upper Intake Level is 0.9 mg/day for adolescents
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14-18 years of age. . . . A NOAEL of 0.01 mg/kg/day and a LOAEL of 0.029
mg/kg/day were established for subclinical hypothyroidism in healthy human
children.


The risk assessment documents indicate that serum iodide levels increase by several orders of
magnitude on exposure to methyl iodide. Yet EPA did not evaluate the potential impacts of
excess iodide exposure on thyroid function. A comprehensive risk assessment would require that
EPA evaluate anticipated exposures and compare them to acceptable MRLs for iodide.


1.6 Toxicology Data Gaps and Data Quality
Methyl iodide use has the potential to cause significant adverse effects on human health and the
environment, yet the data set is not complete enough to fully evaluate the scope and magnitude of
these effects.


• EPA should request a developmental neurotoxicity study. The acute neurotoxicity test
demonstrated that methyl iodide caused clonic convulsions, a decrease in body
temperature and an 80% decrease in motor activity and poisoning symptoms. The recent
case report of a poisoning incident indicates that delayed neuropsychiatric effects are a
common result of acute methyl iodide exposure.30 These outcomes, as well as methyl
iodide’s chemical similarity to methyl bromide (a known neurotoxicant) suggest that
neurotoxicity is a major outcome of exposure to methyl iodide.


• No environmental fate and effects data were submitted by the registrant. This information
is essential in order to estimate the potential effects of methyl iodide on fish and wildlife.


1.7 Dermal Exposure Risk Assessment
According to US EPA, methyl iodide is highly toxic by the ocular route of exposure (Toxicity
Category I) and causes severe burns with dermal exposure (Toxicity Category II). However,
based on a flawed assumption that these exposure routes would not be expected for humans, a
risk assessment for ocular/dermal exposure was not included in the assessment. There are enough
occurrences of spills and whole body exposures described in other fumigant toxicity incident
reports to warrant a risk determination via ocular/dermal exposure. In fact, on August 29, 2005, a
Modesto Bee newspaper article described a worker who was sprayed in the face and eyes with
methyl bromide, the result of faulty equipment.


• We urge US EPA to include this analysis in the risk assessment, especially for workers.
Furthermore, an aggregate exposure/risk assessment must include dermal exposures
along with all other routes of exposure.


1.8 Potential Drinking Water Risks
There are at least two studies where researchers have investigated the groundwater leaching
potential of methyl iodide, one published by the USDA in 199631 and the other published by UC
Riverside in 2004.32 In both cases, the potential of methyl iodide to move to groundwater was
noted, especially with shank injection techniques. In California, widespread contamination of
groundwater due to use of the fumigants DBCP and EDB remains decades after these fumigants
were taken off the market, forcing some communities to abandon their drinking water wells. We
do not want to risk repeating this scenario with methyl iodide.


• In light of the results of the studies cited above, how did EPA arrive at the conclusion that
groundwater contamination would not be a problem with methyl iodide?
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1.9 Potential Dietary Risks
Language in this section is very vague. How many times was the field fumigated with methyl
iodide before testing the produce? Just once? What happens to iodide levels in plants and produce
after several years of soil fumigations with methyl iodide? How do these levels of iodide compare
to excessive dietary levels known to cause adverse effects such as goiter and hyperthyroidism?
Please provide your analysis of food residue exposure and explain why EPA determined that it
would not exceed levels of concern.


1.10 Uncertainty Factors
As mentioned above, we recommend that US EPA adopt the more widely used and recognized
methodology in risk assessment for deriving levels of concern for humans from toxicity data.
That is, dividing NOAELs by factors of ten (or factors of three only when adequate data and
scientific support are available and a complete discussion provided) to correct for interspecies
(10x) and intraspecies (10x) variation, converting LOAELs to NOAELs (3-10x), and for
addressing inadequacy or uncertainty in the database (3-10x). Deviation from the default values
should be substantiated with scientific data and a transparent analysis.


There are substantial data gaps in the methyl iodide risk assessment that indicate an additional
FQPA uncertainty factor of 10 should be used to protect children and other vulnerable sub-
populations. This is especially true because the animal studies indicate that methyl iodide causes
thyroid effects, tumors (which children are likely to have greater susceptibility to), and
neurotoxicity. Inhalation exposure is part of total exposure and cannot be ignored, even if food
residues of methyl iodide are not anticipated.


US EPA should also include an additional uncertainty factor of three to ten to account for human
error. Assumptions that pesticide users will always use personal protective equipment, always
follow the label directions, and that no accidents will ever happen, are flawed. Poisoning incident
reports for fumigant pesticides (which represent only the tip of the iceberg of actual poisoning
incidents) indicate that “accidents” happen frequently, as does misuse and misapplication. In
addition, it is unrealistic to expect workers to use restrictive and hot personal protective
equipment on 90-degree-plus days—a common occurrence during fumigant application seasons
in both California and Florida. Failing to include a “human error” uncertainty factor for fumigant
use is similar to a failure to put a traffic control device at a busy intersection at which many
accidents have occurred. It is irresponsible of US EPA to base its risk assessments on
demonstrably faulty assumptions.


1.11 Aggregate Risks
The section on aggregate risks dismisses the need for an aggregate risk assessment because EPA
has determined that there are no food tolerances for methyl iodide. However, there are three
distinct sources of exposure to methyl iodide in the environment and workplace (air, water, and
direct contact), and three important exposure routes (inhalation, ingestion, and dermal contact).
An appropriate aggregate risk assessment should consider all routes of exposure together to
characterize short-term (acute), intermediate (subchronic) and long-term (chronic) risks.


At a minimum, aggregate risks can be estimated for common toxicity endpoints shared by two or
more exposure routes. When toxicity information is lacking for one exposure route, it is not
acceptable to dismiss the route of exposure as insignificant or negligible. Although not ideal,
toxicity data for one exposure route might need to be extrapolated as surrogate data for another
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route of exposure, incorporating available information regarding pharmacokinetic and
pharmacodynamic differences.


We recommend that US EPA revise the risk assessment documents to include a full quantitative
analysis of all three exposure routes and all three exposure sources for methyl iodide and provide
a summary table showing aggregate risks for acute, subchronic, and chronic exposure. If data are
not available, then an additional uncertainty factor should be incorporated into the risk results to
offer greater public health protection in the absence of adequate data.


1.12 Cumulative Risk
There is no attempt by US EPA to consider human exposures to mixtures of fumigants, or
sequential exposures to the fumigants as they are applied in practice. In its May 2005 letter to US
EPA, the Fumigant Users Group specifically states “Each of these fumigants plays a unique and
critical role in the crop protection system. Occasionally they are used together in end-use
formulations with other active ingredients, or applied sequentially to control crop pests.”33


Therefore it is important to consider the fumigants as a category of chemicals to which residents
and workers might be exposed in mixtures or in exposure sequences reflective of their use in
agriculture.


The most obvious example of chemical fumigant mixtures is the addition of chloropicrin as an
odorant and/or an active ingredient in fumigant formulations. Cumulative risk assessment should
not be limited to the more common exposure scenarios, but rather be comprehensive in nature,
describing quantitatively if possible the additive, synergistic, or antagonistic effects of the
fumigants when used together in formulation.


• Will methyl iodide be used in conjunction with other fumigants?


It is of equal importance to estimate the impact on human health of being exposed to the
fumigants in sequence. For example, exposure to a respiratory irritant such as chloropicrin might
result in sensitization of the respiratory tract, which in turn might sensitize an individual to
asthmatic reactions when the same individual is exposed to methyl isothiocyanate, another
respiratory irritant, at otherwise very low air concentrations.


In conducting cumulative risk assessments, we urge US EPA to define the methodology in
broader terms than simply summing the risks for comparable toxicity endpoints for chemicals
with the same mechanism of action. Detrimental effects to the body caused by a chemical might
make an individual more vulnerable to the toxicity of another chemical, which acts by a different
mechanism. Furthermore, sensitive and vulnerable subpopulations need to be identified for
cumulative impacts that might not be predicted in the average, healthy adult population. In the
absence of data to substantiate taking no action, additional uncertainty needs to be applied to a
risk assessment to account for cumulative impacts on more vulnerable populations.


1.13 Cross-Fumigant Comparisons
In light of the fumigant cluster assessment process, it would be helpful for comparative purposes
if all toxicity endpoints for key studies and the corresponding doses for each fumigant, including
methyl iodide, were combined into one table and discussed in terms of common as well as unique
toxicity endpoints. Currently, the toxicology sections in the risk assessments for each fumigant
are individualized, with no cross-chemical discussion. If US EPA’s intent is to actually consider
the fumigants as a cluster or a family of chemicals, then a comparative assessment of the toxicity
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and levels of concern would need to be included to help determine relative hazards of each
fumigant.
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2 Bystander Exposure Assessment


Extensive comments on bystander exposure assessment were presented in technical comments on
preliminary risk assessments for methyl bromide, MITC, and 1,3-dichloropropene (Telone) are
equally applicable to methyl iodide and are reproduced below for convenience.


In the time since those preliminary risk assessments were released, but before the iodomethane
risk assessment was released, there has been a major step forward in the regulatory context. In
particular, AERMOD, which is superior for the reasons discussed in 2.1.7 below, was approved
as the preferred model for regulatory air quality modeling.


An analysis of the sensitivity to the choice of atmospheric model needs to be made, because the
ability to model lower wind conditions using a meander algorithm may significantly change the
concentration estimates during the most dangerous atmospheric conditions.


While many gross measures of concentration estimates may be (deceptively) unaffected by the
choice of model, the tails of probability distributions (such as the buffer zone required to be
protective up to the 95th or 99th percentile of exposure), may be highly sensitive to the choice of
model for low wind speeds.


2.1 Air Model


2.1.1 Introduction
EPA has used the ISCST3/PERFUM air model to estimate fumigant concentrations in a variety of
soil fumigation scenarios. However the applicability of the ISCST3 air model—and by extension
the PERFUM model that is built on ISCST3—in scenarios where calms are important has been
questioned,34 but not quantified. In what follows we will demonstrate that calm conditions and
other factors leading to high atmospheric stability classes are critical for EPA to model in order to
be assured of realistic fumigant exposure estimates.


2.1.2 Recent Major Poisonings
In this section we review four major fumigant poisonings that have occurred since 1999 in
California (Table 2-1). The goal of the review is to identify common features, if any, in the
meteorology leading up to the poisonings.


The poisonings were selected for availability of a combination of information, including their
capture in a detailed surveillance program,35 weather conditions, follow-up analyses, and size.
Although these four poisonings are all from California, where this information is most available,
there is no reason not to expect that they are representative of poisonings distributed in any state
where fumigants are used.
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Table 2-1: Selected Fumigant Poisonings, Number of Victims, and Crop (pre-plant) by Year
and Location


Year Location Fumigant Victims Crop
1999 Earlimart36 Metam Sodium 170 Potato
2002 Arvin37 Metam Sodium 273 Carrot
2003 Thermal38 Metam Potassium 12 Unknown
2003 Lamont39 Chloropicrin 166 Onion


We have identified the onset of poisoning (Table 2-2) in all four cases by either time of first call
for help or by victims’ accounts which contain times of onset of poisoning symptoms. In one of
the cases, the data available to us just describes the time as “evening.” To assign a time to
“evening”, we have used two hours after sunset. Our conclusions are not sensitive to this choice.


Table 2-2: Time of Onset of Poisoning by Location (as reported and in PST)


Location Onset of Poisoning as Reported In PST
Earlimart 1999-11-13 17:00:00 PST (PDT not in effect) 17:00
Arvin 2002-07-08 18:30 PDT 17:30
Thermal 2003-09-25 23:00 PDT 22:00
Lamont 2003-10-04 "evening" 19:35


We compared the poisoning onset times with sunset and wind data (Table 2-3). The sunset data
comes from readily available astronomical calculators.40 The wind data comes from the California
Irrigation Management Information System (CIMIS),41 a network of over 120 weather stations
distributed throughout California. From this network, we selected the stations closest to the
poisoning incidents. The possibility of variations between the wind at the actual poisoning sites
and that at the selected CIMIS stations is a limitation of this analysis, but it does not impact the
conclusions.


Table 2-3: Time of Sunset and Source of Weather Data by Location


Location Sunset CIMIS Station
Earlimart 16:51 PST Visalia
Arvin 19:13 PST Arvin/Edison (dataset I)
Thermal 17:38 PST Oasis
Lamont 17:35 PST Arvin/Edison (dataset II)


Sunset and weather data for California is typically reported in Pacific Standard Time (PST). We
converted onset of poisoning times from the reports and eyewitness accounts that occurred
between 2 am on the first Sunday in April and 2 am on the last Sunday in October from Pacific
Daylight Time (PDT) to PST by subtracting one hour.42


We plotted in Figures 2-1 through 2-4 the wind, time of sunset and time of onset of poisoning for
each incident.
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CIMIS VISALIA STATION HOURLY WIND SPEED, 1999-11-13
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Figure 2-1: Earlimart, 1999, Wind, Sunset, and Onset of Poisoning


The Earlimart poisoning (Figure 2-1) is characterized by very low wind speeds throughout the
day. (Wind speeds of a few miles per hour are comparable to those a pedestrian would feel when
walking in perfectly calm air.) The Earlimart poisoning onset is at or shortly after sunset.


CIMIS ARVIN/EDISON STATION HOURLY WIND SPEED, 2002-07-08
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Figure 2-2: Arvin, 2002, Wind, Sunset, and Onset of Poisoning


The Arvin poisoning (Figure 2-2) is characterized by wind speeds dropping below 5 mph at the
onset of poisoning. The Arvin onset of poisoning is shortly before sunset. Some accounts also
described onset as “evening.”
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CIMIS OASIS STATION HOURLY WIND SPEED, 2003-09-25 
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Figure 2-3: Thermal, 2003, Wind, Sunset, and Onset of Poisoning


The Thermal poisoning (Figure 2-3) is characterized by wind speeds of approximately 3 mph at
onset. The Thermal poisoning onset was approximately 4 hours after sunset.


CIMIS ARVIN/EDISON STATION HOURLY WIND SPEED, 2003-10-04
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Figure 2-4: Lamont, 2003, Wind, Sunset, and Onset of Poisoning


The Lamont poisoning (Figure 2-4) is characterized by wind speeds below 5 mph throughout the
day. Onset of poisoning was described as “evening,” and this is plotted above as two hours after
sunset.


To summarize, a common and striking feature of the data is that all four cases occurred with wind
speed less than 5 mph, and had onset shortly before, at, or after sunset. The significance of this
will be discussed in a subsequent section.
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2.1.3 Relative Frequency of Low Wind Conditions
It might seem unlikely to associate pesticide drift incidents with low wind conditions because it is
wind that is carrying the pesticides away from the application area. However, for the fumigant
poisonings examined above, low wind conditions are a common feature, and as we shall see in a
subsequent section, an important feature. For this reason, we selected some weather data to
quantitatively determine the percentage of hours that low wind conditions occur. We found that
low wind speeds occur frequently, during at least 10% of the hours annually, and up to 30% of
the hours depending on the cutoff defining low wind speeds43 and the weather stations used for
the estimates. The reader that already knows or anticipates this can skip to the next subsection.


We selected three stations in agricultural regions of California from a set of approximately 380
nationally distributed Navy and National Weather Service (NWS) stations for which we have
1999 data from a TD-3280 format dataset:44,45 In the TD-3280 dataset, stations are uniquely
identified by Weather Bureau-Army-Navy (WBAN) ID. The purpose of Table 2-4 is simply to
uniquely identify the selected stations in some of the major weather station identification
schemes.


Table 2-4: WBAN ID, Call Letters & Place Name for Selected Stations in TD-3280 Dataset


WBAN ID46 Call Letters Place Name
23155 KBFL Bakersfield, Meadows Field Airport
23237 KSCK Stockton, Stockton Metropolitan Airport
93193 KFAT Fresno, Fresno Air Terminal


To gain insight into how often low wind conditions occurred over one full year at these stations,
we binned the hourly wind speeds into 2 mph ranges (Table 2-5):


Table 2-5: Number of Hourly Wind Speed Measurements for a Given Speed Binned by
Wind Speed for Selected Stations in the 1999 TD-3280 Dataset


Station Bakersfield Fresno Stockton All TD-3280
CALM AND NEAR-CALM 1405 1805 1126 448031
3 to 4 mph 1052 1092 868 255228
5 to 6 mph 2413 1957 2021 598665
7 to 8 mph 1794 1481 1531 561206
9 to 10 mph 1020 1045 1136 453545
11 or more mph 1072 1372 2065 919734
UNKNOWN 3 7 0 15818
TOTAL 8759 8759 8747 3252227


A maximum of 24 * 365 = 8760 hourly readings in the year are possible. For the selected stations
a negligible number (less than 1/2%) are missing or unknown.


We next plotted (Figure 2-5) the same data from Table 2-5. We expressed the number of hourly
wind speed measurements as a percentage of the total number of observations:
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Bakersfield Hourly Wind Speed Distributions for 1999
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Figure 2-5: Wind Speed Distributions for Bakersfield KBFL Weather Station for 1999


In Figure 2-5 for Bakersfield, which is near three of the poisonings examined above, we see that
wind speeds of less than 5 mph occurred on 28% (16% calm and near-calm plus 12% 3 to 4 mph)
of the hours in 1999.


In Figure 2-6 for Stockton, wind speeds of less than 5 mph occurred on 23% (13% calm and near-
calm plus 10% 3 to 4 mph) of the hours in 1999.


Stockton Hourly Wind Speed Distribution for 1999
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Figure 2-6 Wind Speed Distribution for Stockton KSCK Weather Station for 1999


In Figure 2-7 for Fresno, wind speeds of less than 5 mph occurred on 33% of the hours in 1999.
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Fresno Hourly Wind Speed Distribution for 1999
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Figure 2-7 Wind Speed Distribution for Fresno KFAT Weather Station for 1999


For all stations in the TD-3280 dataset combined (Figure 2-8), wind speeds below 5 mph
occurred on 22% of the hours in 1999.


All TD-3280 Hourly Wind Speed Distribution for 1999
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Figure 2-8 Wind Speed Distribution for All Weather Stations in TD-3280 Dataset for 1999


Note that the fraction of days on which wind speeds below 5 mph occurred is a priori bounded
below by the fraction of hours on which they occurred. Therefore we can infer, for example, that
wind speeds of less than 5 mph occurred on more than 28% of the days at Bakersfield (16% calm
and near-calm plus 12% 3 to 4 mph). This is a lower bound for the fraction of days of occurrence
of low wind speeds.


The conclusion of this analysis is that any model that performs poorly at low wind speeds is
performing poorly for a significant fraction of the days.


Here is a specific example to make the conclusion less abstract: If a model is used for Bakersfield
that performed poorly in calm and near-calm conditions, then the model is performing poorly for
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at least 16% of the days. Any estimate of the number of hours for which a certain concentration is
exceeded could be wrong for that fraction of the hours.


Even more specifically, use of the model and procedure EPA has used in the fumigant cluster
assessment, which is to treat ISCST3 results for calm and near-calm hours as missing, guarantees
that exposures for an area like Bakersfield have been underestimated on at least 16% of the days.


The data presented are for the entire year. The fraction of calm hours may be even larger if the
analysis is restricted to the months of peak fumigant application. Instead of weighting all days in
the 5-year simulation equally, EPA should use the weather data from just the months of peak
fumigant application.


2.1.4 Evidence for High Atmospheric Stability Classes
In this section, we will see that the conditions for the creation of high atmospheric stability
classes are present in the incidents we examined. To do this, we first have to introduce the
standard classification for atmospheric stability conditions.


We have reproduced the Pasquill (or Pasquill-Gifford) stability classes in Table 2-6:47


Table 2-6: Pasquill Stability Classes


Surface Windspeed Daytime Incoming Solar Radiation Night-time Cloud Cover
m/s mph Strong Moderate Slight > 50% < 50%
<2 <5 A A-B B E F
2-3 5-7 A-B B C E F
3-5 7-11 B B-C C D E
5-6 11-13 C C-D D D D
>6 >13 C D D D D


Note: Class D applies to heavily overcast skies, at any wind speed, day or night


All of the poisonings in Table 2-1 occurred around or after sunset, with low wind speeds. We see
from examining Table 2-6 that they generally occurred at the highest Pasquill stability classes (E
or F). These Pasquill stability classes are associated with the creation of ground level inversion
layers.•


                                                       
• For completeness, we include the relationship of high Pasquill stability classes to ground-level inversion
layers, to which they are associated.


During the day, in direct sun, the earth heats up more quickly than the air. As the air near the earth is
warmed by the earth, convection occurs and this creates and deepens a layer of warm air above the earth.
As the warming stops around and after sunset, a second effect takes over, which is that the earth cools more
quickly than the air above it. The air near the earth is cooled by the earth. If there is little wind to cause
mixing of this cool air with the warmer air above it, an inversion layer occurs.


The cool layer is often visible to the eye because the water vapor in the layer condenses, and fog forms at
ground level. This condition is sufficiently common in the Central Valley, that it has a name, “Tule fog.”
The cold air is dense and hence the fog settles into low areas. It therefore appears to be directly associated
with streams and marshes which are also in low areas. It is actually caused not by the presence of the
streams and marshes, but by the cooling of air near the earth as just described. (However, surface water can
contribute to evaporative cooling.) The upper boundary of the fog is an indication of the height of the
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It is striking that all the incidents examined occurred during Pasquill Stability classes E and F,
since they were not selected for that. We conclude that on both theoretical grounds and on the
examination of major poisonings that it is critical to correctly model low wind speeds and high
stability classes in the fumigants cluster analysis.


2.1.5 Additional Evidence for the Importance of High Atmospheric
Stability Classes


Working from the preceding section, we can now understand the significance of the following
eyewitness accounts from victims of the Earlimart poisoning:


1999-1252 - “It was around 5 o’clock when I saw some kind of
fog coming in but with a strong smell. Then less than a minute, a
cop came knocking on my door and told us to leave our homes
because of a chemical going on [sic].”


1999-1234 - At around 5:00 p.m. on Saturday, November 13, a
39-year-old, living on Dietz south of Avenue 48, reported
noticing an odor like burning rubber, and experienced eye
irritation, and irritation of the nose and throat. The material
coming from the fields resembled a cloud or fog.


The arrival of the “cloud” or “fog” at the same time as the arrival of the poison gas we now
understand may not be a coincidence, nor does it necessarily have to relate to water vapor
associated with the “watering in” of the fumigant. Instead, the arrival of the fog may signal the
arrival of an inversion layer.


A third account also has significance:


1999-1239: A resident of East Armstrong, 0.6 miles from the
treated field, noticed a strong odor in the late afternoon on
Saturday, November 13, corresponding with a change in wind
direction from south and east instead of the usual direction from
north and west.


A change in wind direction at a location generally means that wind at one location and wind at
another location are different. Where two bodies of air converge, a front condition can occur.
Condensation can occur at the collision point of the air masses, and pollutants, particularly those
that are heavier than air, can be concentrated there. It is possible that the victim’s account signals
a convergence.


So these accounts raise the possibility of either the entry into an inversion layer or the entry into a
front or convergence. Either situation can greatly concentrate pollutants.


                                                                                                                                                                    
inversion layer, and an indication of the height to which mixing occurs. Any gases that are emitted from the
earth will to a high degree be trapped in the same layer as is sometimes manifested to the eye as fog.
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2.1.6 Adequacy of PERFUM/ISCST3
We have demonstrated in previous sections that it is not possible to have a compelling and
quantitative understanding of the large poisonings we examined without accurate modeling of:


• Meteorology at low wind speeds
• Insolation changes (e.g., sunset)
• E and F Pasquill stability classes
• Development of boundary layers, including concentration of pollutants within


boundary layers
• Fronts, including concentration of pollutants at convergences


The PERFUM/ISCST3 is a simple Gaussian plume model that does not attempt to and cannot
model all these conditions. In fact, its results under these conditions are sufficiently misleading at
low wind speeds that they are commonly thrown out of the overall results per EPA guidelines
(see following sections). The borderline for discarding results that is commonly used is wind
speeds of less than 2 mph (or 1 m/s), but this may in part be a proxy for high Pasquill stability
classes and the onset of the complex meteorology just described.


It is precisely this meteorology that describes the most dangerous conditions for the development
of toxic fumigant concentrations, as demonstrated by examination of actual incidents. While
PERFUM/ISCST3 has been used to model these conditions, and has obtained results consistent
with reports of toxic exposures, the quantitative results could easily be an underestimate of the
actual concentrations.


2.1.7 EPA Recommendations on Alternative Models
Given that the PERFUM/ISCST3 model is not adequate to model the relevant conditions, the
question is what model to choose instead.


To guide specifically in this type of situation, EPA’s Air Quality Modeling Group (AQMG) has
made available the Guideline on Air Quality Models, EPA 40 CFR Ch. I (7–1–03 Edition) Pt. 51,
App. W,48 referred to in the remainder of this and the following subsections as The Guideline.


The following is the full text of paragraph 9.3.4.2 of The Guideline:


9.3.4.2 Recommendations


a. Hourly concentrations calculated with steady-state Gaussian plume models using calms
should not be considered valid; the wind and concentration estimates for these hours should be
disregarded and considered to be missing. Critical concentrations for 3- , 8-, and 24-hour averages
should be calculated by dividing the sum of the hourly concentrations for the period by the
number of valid or non-missing hours. If the total number of valid hours is less than 18 for 24-
hour averages, less than 6 for 8-hour averages or less than 3 for 3-hour averages, the total
concentration should be divided by 18 for the 24-hour average, 6 for the 8-hour average and 3 for
the 3-hour average. For annual averages, the sum of all valid hourly concentrations is divided by
the number of non-calm hours during the year. For models listed in Appendix A, a post-processor
computer program, CALMPRO has been prepared, is available on the SCRAM Internet Web site
(subsection 2.3), and should be used.


b. Stagnant conditions that include extended periods of calms often produce high
concentrations over wide areas for relatively long averaging periods. The standard steady-state
Gaussian plume models are often not applicable to such situations. When stagnation conditions are
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of concern, other modeling techniques should be considered on a case-by-case basis (see also
subsection 8.2.8).


c. When used in steady-state Gaussian plume models, measured site specific wind speeds
of less than l m/s but higher than the response threshold of the instrument should be input as l m/s;
the corresponding wind direction should also be input. Wind observations below the response
threshold of the instrument should be set to zero, with the input file in ASCII format. In all cases
involving steady-state Gaussian plume models, calm hours should be treated as missing, and
concentrations should be calculated as in paragraph (a) of this subsection.


Note that this paragraph of The Guideline begins by underlining the inadequacy of Gaussian
plume models under low wind conditions. In response to this, paragraph 9.3.4.2.c of The
Guideline describes a procedure for discarding calm and near-calm results from
PERFUM/ISCST3. However in the present case (fumigant gases originating at ground-level and
being contained near the ground due to high atmospheric stability), discarding these results will
result in dangerously under-protective estimates of fumigant concentrations.


In this case, paragraph 9.3.4.2.b is applicable: “When stagnation conditions are of concern, other
modeling techniques should be considered on a case-by-case basis.” Until recently, the set of
conditions identified in the previous section surpassed the state-of-the-art in regulatory air
modeling.


Fortunately, in the last several years—in fact during the very range of years that the poisonings
we have examined were occurring—the state-of-the-art in regulatory modeling has expanded to
encompass these conditions. The American Meteorological Society has developed the AERMOD
model that goes beyond ISCST3 and contains new and improved algorithms for:49


1) dispersion in both the convective and stable boundary layers
2) plume rise and buoyancy
3) plume penetration into elevated inversions
4) treatment of elevated, near-surface, and surface level sources
5) computation of vertical profiles of wind, turbulence, and temperature
6) the treatment of receptors on all types of terrain (from the surface up to and above the


plume height


The most important for of these for the present case is the first: dispersion in stable boundary
layers.


AERMOD, like ISCST3, is a steady state plume model and as such neither is designed for
completely calm conditions. But unlike ISCST3, AERMOD is designed to handle very light
winds. It does this, through the introduction of a meander algorithm. The model still requires
some wind in order to define the mean wind direction and to estimate the surface friction
velocity. ISCST3 has no capability to account for light winds (less than 1 m/s), nor the expected
effects of wind meandering during these conditions. Unfortunately AERMOD’s meander
algorithm is not applicable to area sources. To take advantage of AERMOD’s meander algorithm
for an area source, it is necessary to model the area source as a group of point sources.50,51


The process for the evaluation of alternative models is given in Section 3.2 of The Guideline. In
paragraph 3.2.1.a we read that:
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Selection of the best techniques for each individual air quality analysis is always encouraged, but
the selection should be done in a consistent manner. A simple listing of models in this guide
cannot alone achieve that consistency nor can it necessarily provide the best model for all possible
situations. EPA reports are available to assist in developing a consistent approach when justifying
the use of other than the preferred modeling techniques recommended in The Guideline.


An important point is that pre-selected lists of models are available, but do not necessarily
provide the best model, and that EPA reports are available that provide assistance in model
selection.


In the case at hand, the evaluation of AERMOD, including evaluation of results relative to
ISCST3, has been performed by EPA. The evaluation demonstrates that in all 17 scenarios (10
non-downwash scenarios and 7 downwash scenarios), there were either (a) similar results, (b)
improvements, or (c) notable improvements over ISCST3.52,53,54


We conclude that AERMOD is an applicable and superior model for exposure modeling in the
fumigants cluster assessment, and that EPA needs to perform its exposure modeling using such a
model in order to be confident of the protectiveness of its exposure estimates.


2.1.8 Air Modeling Conclusions
In summary, we have identified the most dangerous conditions for the development of high
fumigant concentrations, both on theoretical grounds and by an examination of major poisonings.
We have demonstrated that modeling of these conditions cannot be accomplished via ISCST3.
Instead, the only model that has undergone extensive validation by the EPA and that can model
these conditions is AERMOD. The procedure and model EPA is currently using is guaranteed to
systematically and severely underestimate exposures during a substantial fraction of the hours.


Following The Guideline, Section 9.3.4.2.b, EPA should recalculate the concentration estimates
using an appropriate model. It is critical for this recalculation to incorporate realistic conditions
resulting in Pasquill stability classes E and F. Only then will we be confident of having realistic
estimates of the high fumigant concentrations that have repeatedly poisoned agricultural
communities, and only then will we be in a position to understand whether and which risk
mitigation strategies will end these poisonings.


2.2 Other Exposure Modeling Considerations
In this section, we consider other issues in EPA’s preliminary risk assessment that could lead to
inaccurate estimation of fumigant exposures.


2.2.1 Comparison of Exposure Modeling Methodologies
In EPA’s technical briefing, the methodologies for exposure modeling are listed as:


• Field Volatility Monitoring Studies
• EPA’s ISCST3 Model
• PERFUM Model
• Risk [Fully Probabilistic Risk Assessment]


and these are described as being in order of “increased predictive capability.”55
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This is an incorrect characterization. In light of Section 2.1, we have already observed that
ISCST3, and the PERFUM model on which it is built, fail during calm and near-calm conditions.


Any probabilistic risk assessment which builds upon the results of these models will incorporate
the same failures. Unless a better underlying model is used, the methodology that is most reliable
is analysis of field studies and accounts of actual poisoning incidents.


A correct characterization is that a broader range of exposure scenarios can be considered using
methodologies further down in the above list. Even with this more accurate characterization, one
must make the caveat that using the ISCST3 air model as the underlying model may cripple the
accuracy of the probabilistic risk assessment. The probabilistic risk assessment will produce
systematically biased underestimates of exposures for whatever fraction of hours are calm or
near-calm.


2.2.2 Model Calibration, Flux Estimates
In each of the four fumigant phase 3 preliminary risk assessments, there is a sub-section titled
“ISCST3 Flux Method 3: Indirect Back-Calculation” (see Metam Sodium/Metam Potassium, p.
39, Methyl Bromide, p. 23, Dazomet, p. 34, Telone, p. 29). In this sub-section one would expect
to see a listing of all available studies considered (whether from the peer-reviewed literature or
submitted by the registrants to EPA, and whether selected or not for use in the corresponding risk
assessment), and a comparison of the flux profiles found in the studies. In fact, there are no
figures, graphs, or tables summarizing the flux profiles. Although there is one reference in these
sub-sections,56 it only analyzes a single field study (Oceano) for a single fumigant (methyl
bromide).


Given that flux estimates are absolutely critical for exposure estimates, this omission makes it
impossible to follow or comment on a critical part of EPA’s work. The presentation therefore
fails to be transparent.


We request that EPA include the necessary details of its “indirect back-calculation” for each
fumigant. For each fumigant, an analysis should be presented for each application method. And
for each application method, there should be an analysis of the various studies (whether or not
they were used or excluded). If different soil types, temperature conditions or other factors
yielded different results for the application method, those variations should also be analyzed and
presented. Limitations of each study should be discussed, and EPA’s rationale for reducing the
various study results to a final flux rate should be explained.


We suggest presenting this information in a table to facilitate comparison of the various study
conditions and results. Such a table would include columns for:


• Date and Location
• Monitoring Conducted by (e.g., CA DPR, registrant, et cetera
• Application Rate (lbs active ingredient/acre)
• Acres Treated
• Soil Temperature
• Distance of Monitoring Station to Field Border (feet)
• Location of Stations Relative to Prevailing Wind Direction (Upwind, Downwind,


Variable)
• Maximum Concentration at Distance (ng/m3)
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• Calculated Flux Range
• Notes


An example of a similar table (Table 6-1) can be found after the discussion of MITC field
studies..


2.2.3 Corroboration of Calibrated Model with Actual Incidents
When an applicable air model (such as AERMOD) is chosen, and the model is calibrated using
the back-calculation method, then the model should be applied to the known major poisonings
such as those considered in Section 2.1.2, so that it can be satisfactorily demonstrated that the
model accounts for these poisonings. This builds confidence in using the model to determine
whether risk mitigation measures will eliminate such poisonings. Conversely, without
demonstrating that a model (including the parameters used to calibrate it) accounts for past
poisonings, there should be some concern that risk mitigation measures based on the model
results will not prevent future ones. We look forward to EPA’s reconciliation of their exposure
model with poisoning incidents, including weather and application data.


2.2.4 Use of Maximum vs. Whole Field Method
Both maximum and whole field methods are discussed in EPA’s preliminary risk assessment.
Since populations may live downwind of a field in the prevailing wind direction, it is important to
use the maximum method for exposure assessment. The whole field method would average the
concentrations rather than protecting the most exposed population. This would not be adequately
protective.


2.2.5 Consideration of Exposure from Multiple Field Fumigations in
the Same Geographic Area and Time Period


A review of fumigant poisonings will reveal that neighboring fields are often treated in
succession. Given the off-gassing profile from a single fumigation, it is entirely possible that
fumigations occurring on one day will combine with fumigations from a nearby field on another
day and result in concentrations that exceed those measured or calculated for a single field.


Restrictions on the number of treated acres considered in the risk mitigation stage will not be
meaningful unless time and separation restrictions between multiple applications are proposed.
Such restrictions would have to be based on quantification of the concentration increases from
multiple fumigations.


2.2.6 Dismissal of Ambient Exposure
EPA has dismissed concerns over ambient exposures, despite the fact that some of the ambient
exposure estimates do in fact exceed their level of concern (in the case of both sub-chronic and
chronic exposure). Furthermore, since the ambient exposure levels are near the level of concern,
the conclusion that ambient exposure can be dismissed as irrelevant may be completely reversed
by changes in the HEC estimates and the acceptable MOEs. Finally, usage trends have not been
analyzed. For example, in 1997 in Kern County, California, the reported metam sodium usage
was 3,886,527 pounds. In 2003, it was 5,031,816 pounds. One expects this 30% increase to
correspond to a similar increase in airborne MITC concentrations, and this, by itself may be
enough to reverse the dismissal of ambient exposure as a concern.
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EPA needs to do a more careful analysis, taking the cases that exceed their level of concern
seriously in preparation for risk mitigation, computing the sensitivity to the HEC estimates which
themselves are only preliminary, and the sensitivity to MOEs, and finally the sensitivity to usage
trends may invalidate older ambient concentration measurements and require mitigation in the
future even in locations where it was not necessary in the past.
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3 Occupational Exposure Analysis


3.1 Number of Workdays
The number of days spent handling fumigants is underestimated. In our opinion, the Agency’s
assumption of exposure of 5 days a week substantially underestimates exposure in California and
elsewhere, where employees of commercial applicators work very long hours in peak season, and
use of fumigants is very high in some areas. The California Department of Pesticide Regulation
assessment of metam sodium exposure indicates that commercial applicators may handle metam
sodium up to 200 days per year. Grower-applicators may handle the fumigant up to 23 days per
year.57 In Florida, agricultural methyl bromide applicators work seven to ten hours a day over a
two-month period.58 Similar exposure patterns can be assumed for methyl iodide if it was used as
a substitute for methyl bromide.


3.2 Length of Workday
The length of workday is underestimated. Risk estimates assume maximum daily 8-hour
exposures for handlers and for fieldworkers working near to fumigant treated fields. These
assumptions will underestimate exposures to those handlers and field workers working 10-hour or
12-hour days and leave them inadequately protected. The National Agricultural Worker Survey59


confirms that many workers work more than 50 hours a week, hence more than 10 hours per day.
In California fieldworkers often work longer than 8 hours during the peak season and in fact do
not receive overtime pay rates until they have worked 10 hours per day, compared with 8 hours in
most industries. Similarly, in its recent glove amendment to the Worker Protection Standard, EPA
permitted the use of glove liners for 10 hours in a 24-hour period, in recognition that many
pesticide applicators work for 10 hours per day. Additionally, fieldworkers and fumigant handlers
may also be subject to residential bystander post-application exposure and this should be taken
into account.


3.3 Dermal and Ocular Exposure
Dermal and ocular exposure estimates are needed. The Agency has significantly underestimated
fumigant handler exposure by declining to estimate eye and dermal exposure of handlers to
methyl iodide It does not make sense for the Agency to use high vapor pressure of methyl iodide
as an excuse to discount dermal exposure because dermal exposure to methyl iodide vapors may
be significant. The Agency’s 2002 review of methyl bromide incident reports shows that over
half (83 of 154) methyl bromide applicator illnesses reported in California in 1982-1999 affected
the skin or eyes. These illnesses included symptoms of blisters, contact dermatitis, eye irritation,
burning eyes, skin burns and itchy rashes.60 CDPR has completed dermal exposure estimates for
metam sodium handlers using surrogate sodium tetraborate exposure data that may serve as a
model for estimating methyl iodide handler dermal exposure.61


Goggles and face shields typically used as protective gear in pesticide handling are designed for
splash protection, not vapor protection. These risk assessments fail to discuss how goggles and
face shields can contribute to protection of the eye from fumigants.







Comments on the Iodomethane Risk Assessment


- 48 -


3.4 Personal Protective Equipment for Inhalation Exposure


3.4.1 Respirator Fit and Protection Factor for Methyl Iodide
Overestimated


Respiratory protection factors are overestimated. t For fumigant handler tasks , margins of
exposure are overestimated because of the Agency’s assumption that half-mask air filtering
respirators can be relied upon to provide a 10 -fold protection factor under agricultural pesticide
use conditions. The pesticide applicator respiratory protection regulations incorporated in the
Worker Protection Standard (WPS) and California pesticide use regulations62 are much less
protective than OSHA respirator regulations63, particularly in the area of fit-testing of respirators
to prevent leakage. The current DPR regulation merely requires "written operating procedures for
selecting, fitting, cleaning and sanitizing, inspecting and maintaining respiratory equipment." The
federal WPS merely requires that respirators be cleaned and maintained without any fit testing
requirements. A correlation was found between depressed cholinesterase levels and use of half-
mask respirators in a recent study of cholinesterase monitoring results of agricultural pesticide
applicators in the state of Washington.64


By contrast, the OSHA regulations proscribe specific protocols for qualitative and quantitative
fit-testing of respirators. The OSHA regulations were tightened over five years ago, but the US
EPA has yet to initiate any upgrade of pesticide handler respirator fit-testing requirements.


3.4.2 Respirator Cartridges and Canisters for Methyl Iodide
This risk assessment inappropriately recommends air-purifying respirator cartridges and canisters
for mitigation of methyl iodide handler inhalation exposure. The National Occupational Safety
and Health Administration (NIOSH) recommends only use of air-supply and powered air
purifying respirators for methyl iodide protection65 presumably because respirators which require
face seal were judged to provide inadequate protection and the chemical, with an ether-like smell,
has poor warning properties of failure of respirator face seal or breakthrough of cartridges or
canisters. According to respirator cartridge manufacturer 3M, methyl iodide does not adsorb well
to charcoal, especially under very humid conditions.66


3M produces a special organic vapor cartridge which it recommends for use in atmospheres
containing methyl iodide. This 60928 cartridge uses a triethylenediamine (TEDA) impregnated
charcoal for its absorption bed. However, we are also concerned that fumigation workers may not
be adequately or reliably protected by use of respirators equipped with such cartridges for the
following reasons: (1) No US governmental agency has conducted independent review of the
manufacturer's testing of this cartridge in a methyl iodide atmosphere. To the best of our
knowledge, US EPA and DPR have not even obtained results of individual tests, number of
replicates, or calibration of equipment used in manufacturer’s tests. We feel that independent
review is particularly important for charcoal-based cartridges used to protect against methyl
iodide because, as mentioned above, unlike many other volatile organic compounds methyl iodide
may not adsorb well to charcoal based sampling tubes. In addition, as previously mentioned,
methyl iodide has poor warning properties because it has an ether-like odor.


3.4.3 Exposure Assessment Lacking for Tarp Removal
This risk assessment includes an estimate of methyl iodide exposure for cutting tarps but no
estimate of exposure for tarp removal or any required aeration time between cutting and removing
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tarps. Was any assessment made of exposure during tarp removal or need for aeration? In
California after methyl bromide field fumigation, an aeration period of 24 hours is required
between cutting and removing tarps because air monitoring has shown that air levels can be very
high during the first 24 hours after tarps are cut. Two former tarp removal workers we are in
contact with who were required to remove tarps right after they were cut have suffered severe
chronic effects of methyl bromide poisoning.


3.4.4  Thyroid Function of Methyl Iodide Handlers
As mentioned in this risk assessment, methyl iodide exposure is known to interfere with thyroid
hormone function. If the Agency decides to register this chemical as a soil fumigant, they will be
placing all the field fumigation handlers who work with methyl iodide at risk of thyroid dis-
function. At the very least, any workers who are required to handle methyl iodide during field
fumigations should be given periodic blood tests for thyroid hormone levels, education in
symptoms of abnormal thyroid function and follow-up tests any time they experience possible
symptoms of thyroid problems. As temporary agricultural workers, many fumigation handlers
lack health insurance and would not have the means to seek such medical attention on their own.


3.4.5  Reproductive Toxicity Study should be used as Occupational
Exposure Endpoint


This risk assessment inexplicably chooses to use the reproductive toxicity study as the sub-
chronic toxicity endpoint for only non-occupational exposures. In order to avoid discriminating
against agricultural workers, the Agency should use the more sensitive reproductive toxicity
study as the subchronic toxicity endpoints also for occupational exposures.


3.4.6 Undue Reliance on Personal Protective Equipment
Personal protective equipment is generally considered to be a mitigation of last resort. Respirators
should only be a secondary mitigation in the event of failure of primary mitigations.


3.4.7 Unrealistic Reliance on Personal Protective Equipment
In agricultural settings, workers are frequently not provided with safety information, personal
protective equipment and/or training. In some cases, workers cannot read the information
provided because of language barriers. Therefore, it is unrealistic for EPA to assume that label
recommendations and other safety documentation will ensure adequate worker protection.


3.4.8 Personal Protective Equipment Incompatible with Heat Stress
Prevention


This risk assessments fail to acknowledge that workers wearing respirators, synthetic coveralls
and other protective gear are at elevated risk of heat illness, particularly when working in the
direct sun. It is not possible to move this work to night, because stagnant night-time air conditions
cause high-concentrations of off-site fumigant movement to develop near the application site.
Fumigant application should be restricted to day-time conditions when the risk of heat stress will
not be excessive for handlers wearing protective equipment. This is consistent with limiting
fumigant applications to times when soil and air temperature are cooler in order to reduce off-site
movement of fumigants.
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3.5 Potential for Poisonings with Methyl Iodide
EPA has not adequately evaluated the potential for poisonings from use of methyl iodide as a
high-use agricultural fumigant. Because methyl iodide has not been widely used in the past, data
from past industrial poisoning incidents in which exposure conditions (concentrations, route of
exposure) are unknown will not provide an acceptable estimate of the potential for future
poisoning incidents under field fumigation conditions. A more realistic estimate of the potential
for acute poisonings can be obtained by consideration of poisoning incidents that occurred with
use of other fumigants such as methyl bromide, metam sodium and telone. The poisoning
incidents that are described are still valuable in that they provide further evidence for the extreme
neurotoxicity of methyl iodide. We are especially concerned about the delayed neurotoxic effects.
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4 US EPA Must Prioritize Safe Farming Practices that
Protect Human Health and the Environment


As EPA evaluates the registration of methyl iodide as a potential partial replacement for methyl
bromide, we are extremely concerned that EPA is ignoring the viable non-fumigant, non-toxic
alternatives that are available for use in strawberries, tomatoes and peppers – as well as in other
crops that currently utilize fumigants and could be future proposed uses for methyl iodide,
including potatoes, carrots and others. Furthermore, we suggest that paramount to EPA’s mission
to protect human health and the environment is EPA’s active involvement in research and policy
development that at a minimum provide for additional non-chemical, non-toxic methods of soil
pest control that are economically viable for farmers, and that over time facilitate an effective
transition to sustainable, soil-building farming systems that protect long-term human and
environmental health.


UNEP’s Methyl Bromide Technical Options Committee (MBTOC) has been compiling
alternatives to methyl bromide for many years and published their research in the 2001
Sourcebook of Technologies for Protecting the Ozone Layer: Alternatives to Methyl Bromide.
The Sourcebook provides methyl bromide users with information on major technical
options/alternatives and guides them through what to consider when selecting such technique,
including many non-toxic methyl bromide alternatives. According to UNEP, “for soil fumigation,
viable alternatives include cultural practices (e.g., crop rotation, cover crops, plant breeding and
grafting), organic amendments, biological controls, physical control methods (e.g., steam
treatments, solarization and biofumigation)…”67 Academics, farmers and government researchers
have also been developing non-toxic alternatives to methyl bromide. These alternatives allow for
safer practices and continued profits. The following section highlights a few of these options. We
would like to emphasize that the examples described below are only highlights of the information
available.


We request that EPA conduct an accurate cost-benefit analysis of continued fumigant use as part
of the registration process for methyl iodide. EPA must take the alternatives seriously,
incorporate the human health and environmental costs of U.S. toxic fumigant use and do a
comprehensive evaluation of non-toxic alternatives as viable options to the use of methyl bromide
and other fumigants.


4.1 Percentage of Crops Treated with Soil Fumigants
An analysis of EPA’s “Overview of the Use and Usage of Soil Fumigants,” published as part of
the fumigant cluster assessment during fall 2005, shows that farmers are growing the primary
crops proposed for methyl iodide application without the use of dangerous fumigants. Table 2 of
the Use and Usage document presents the pounds of fumigants used and the percentage of crop
being treated for the highest use crops. Table 4-1 in this comment letter is a reproduction of Table
2 with two additional columns showing the total percent crop treated with any fumigant and the
percentage of the crop grown without fumigants. The first gray column is the sum of the
percentage of crop treated by the four individual fumigants. If, in a given year, 27% of the potato
crop is treated with fumigants, then 73% of the crop is being grown without fumigants. Even
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strawberry production, with the highest percentage of the crop treated with fumigants, still has
24% of crop not being treated by fumigants. Because the fumigants are often used together on a
single field, the sums of the percentages treated are probably even lower than the calculated
values, making the percentages of the crops using alternate methods even higher than those
presented in Table 4-1. These numbers indicate that farmers can grow these crops, even those
typically most fumigant intensive, without the use of dangerous fumigants. The EPA needs to do
a serious analysis of non-fumigant methods of pest control during the risk mitigation phase of the
fumigant cluster risk assessment, must avoid registering new toxic fumigants such as methyl
iodide for use in U.S. farming systems and must not assume, as it has, that fumigants are
necessary to grow crops.


Table 4-1: Reprint of Table 2 in “Overview of the Use and Usage of Soil Fumigants” with
Additional Columns (Gray) Totaling the Percentage of the Crop Treated (PCT) with Any
Fumigant and the Percentage of Crop Not Treated


*Calculated by adding the four individual fumigant PCT values. Values of <1 were considered to be 1.


4.2 US EPA Must Consider the External Costs of Methyl Iodide
Use


EPA needs to perform an accurate and balanced economic analysis of the costs and benefits of the
registration of methyl iodide, factoring in the external costs to the environment and human health.
In the document entitled “Overview of the Use and Usage of Soil Fumigants,” one of the
tradeoffs of switching to non-chemical alternatives mentioned by EPA is the increased cost of
these methods. EPA seems to be going to great lengths to estimate the costs of non-chemical
alternatives to methyl bromide, including asking questions of farmers about the costs of
eliminating fumigants from their toolbox of pest-control strategies. However, EPA has taken no
initiative to evaluate the external costs to human health (acute poisonings, illnesses, protective
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measures) and the environment (degradation) of methyl iodide or the continued use of soil
fumigants in general. Although the EPA has not performed a complete cost analysis in its
fumigant cluster assessment documentation, it presumes higher costs for non-chemical
alternatives and uses this as a factor in favor of the use of the soil fumigants. For an accurate cost-
benefit analysis, EPA needs to consider the external costs on the environment and on the health
care system of the continued use of fumigants


There are several studies available that estimate the external costs of pesticide use. While not
specific to fumigants, they do give some idea of the magnitude of the external costs and why they
need to be considered in the risk assessment process. According to a 2004 study at Iowa State
University, the estimated external costs of agricultural production in the United States annually
ranges from $5.7 to $16.9 billion dollars.68 Of these costs, $2.3 billion are related to pesticide
damage and control methods. Of this pesticide-related amount, $1.01 billion (adjusted for
inflation from the original 1992 numbers) is attributed to health costs of pesticide poisonings.69


These numbers, relying on estimates about the number of illnesses and death, do not consider
missed diagnoses (of which there are likely to be many), misdiagnoses and chronic illnesses other
than cancers, and so are probably lower than the actual health care costs.


While the Iowa State University study did not specifically analyze fumigant use, it can reasonably
be anticipated that fumigants are significant contributors to the total costs because of their high
acute and chronic toxicity and high use. The impacts of continued fumigant use on soil erosion,
groundwater contamination and the loss of soil water-retaining capacity70 have been left out of
the analysis as part of the registration process for methyl iodide. A registration process that does
not account for these significant costs is unscientific and unrealistic, masking true costs of the
proposed chemical and leaving these costs to be borne by rural families, farm workers, farmers,
the environment and the future generations. EPA must include an accurate assessment of the true
costs of methyl iodide as part of its registration analysis and process.


4.3 Fumigant-Intensive Crops Can Be Grown Cost Effectively
without Soil Fumigants


Methyl iodide and other fumigants are not the only options for soil borne pest control in the
production of conventionally high-fumigant-use crops. Farmers are growing these crops
successfully without the use of soil fumigants and are doing so while making a profit. In this
section, we provide some examples of successful non-chemical pest control methods now in use
and currently under development. This is by no means a comprehensive summary; we include
these examples to show that non-chemical soil pest control is being done successfully and is
economically viable for farmers. We request that EPA refrain from registering new toxic
fumigants such as methyl iodide and include a comprehensive survey of non-chemical methods
for soil pest control.


4.3.1 Strawberries and Tomatoes
A number of approaches have been effective in strawberry and tomato cultivation to control the
entire range of common pests without the use of fumigants or other toxic pesticides. Methods
include: rotating crops in the fields, planting cover crops, and soil solarization to control
pathogens and weeds, and mechanical cultivation of weeds. A Florida study performed by the US
Department of Agriculture (USDA) showed that solarization, combined with deep disking prior
to application of plastic tarps, produced yields 23% greater than adjacent plots fumigated with
methyl bromide. Farmers using cover crops reported better net profits than farmers growing
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tomatoes with conventional methyl bromide applications, due to savings on the costs of methyl
bromide and fertilizer.71


The University of California at Davis (UC Davis) studied two strawberry farms in the same
growing region in California, a conventional farm using fumigants in 2004 and an organic farm
using alternate methods to control the same problems in 2003.72, 73 The conventional farm used
methyl bromide and chloropicrin in a pre-plant fumigation to control weeds, nematodes, and
other soil-borne pests while the organic farm used less toxic methods to control the same pests.
Table 4-2 shows the results. Organic strawberry farming produced higher yields per acre, but
required more labor for hand weeding and disease control; therefore the organic farm’s cost per
acre was higher (see Table 4-2). In the end, both methods were profitable and the relatively small
profit difference (5.4%) between the two methods is far outweighed by the significant
environmental and public health costs that the conventional farm generated by using fumigants.


Table 4-2: Organic and Conventional Strawberry and Tomato Comparison, based on UC
Davis studies


Yield per Acre Cost per Acre Profit per Acre


Organic Strawberries 3,000-4,500 12 pound trays $10,400 $1,885


Conventional Strawberries 2500 12 pound trays $9,000 $1,993


Organic Tomatoes 28 tons $1,572 $527


Conventional Tomatoes 33.66 tons $1,710 $585


UC Davis conducted a similar of comparison of organic and conventional tomato farms in
California’s Sacramento Valley.74, 75 In this study, conventional yields were higher, but so were
production costs. Overall net profits for organically grown tomatoes were only 10% lower than
conventionally grown tomatoes. The study results for tomatoes were similar to
strawberries—both methods can be profitable and, again, the relative difference in profits should
be evaluated in terms of both the price consumers will pay for cleaner production and the far
greater costs of damage to the environment and human health associated with the large-scale
release of dangerous fumigants.


4.3.2 Potatoes and Carrots
While potatoes and carrots are not currently under consideration as approved crops for methyl
iodide use, for completeness we would like to note that these uses might be proposed in the
future. Potatoes and carrots are the two crops using the most metam sodium annually and they
both have high Telone usage as well. These fumigants are used to control many soil pests, but one
that is of primary concern to potato and carrot farmers is nematodes.


Washington State University and the University of California, Davis Cooperative Extension have
been experimenting with planting mustard as a cover crop, then disking it into the soil before
potato and carrot planting. As it decomposes, mustard releases low levels of isothiocyanates
(similar to MITC, one of the chemicals released by the use of metam sodium) having
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biofumigation effects that kill nematodes and other pest organisms in the soil. Mustard has the
additional benefit of soil enrichment as a “green manure” cover crop. Cover crops increase the
water filtration potential, organic matter, and general soil health of the fields leading to erosion
control.76 In a University of California, Davis Cooperative Extension study comparing mustard
and metam sodium potato production, the total yield for potatoes grown with mustard was
slightly higher than those grown with metam sodium.77 This is not the case only in studies, but is
being used on farms in place of metam sodium. A potato farmer in Washington State, who was
having trouble with soil productivity on his farm, switched some of his fields to mustard cover
crops in place of applying metam sodium.78 Over a three-year period, he has seen the fields using
mustard perform just as well as the ones using metam sodium. He has also seen more than a 30%
increase in the soil’s water holding capacity. According to the Agricultural Research Service in
Washington, more research needs to be done to determine the exact mechanisms of biofumigation
of the mustard plant.79 Additional research can optimize the use of mustard as a cover crop, and
even higher yields may be possible.


A December 2003 study conducted by the USDA-NRCS, the University of Idaho, the Shoshone-
Bannock Tribes, Cedar Farms, the Northwest Coalition for Alternatives to Pesticides, Western Ag
Research and Western Laboratories, indicated that adding a mustard green manure crop to the
wheat-potato rotation and not fumigating is worth further consideration.80 Net returns from the
mustard amendment resulted in $280 per acre more than the use of its fumigant counterpart,
metam sodium.


In addition to the use of mustard as a natural fumigant and cover crop, carrot growers are using
several other methods of combating harmful pests. Several nematodes are very damaging to
carrot production. The California Fresh Carrot Advisory Board is dealing with the nematode
problem by funding research to breed traits into commercially grown carrot species from wild-
carrot cultivars from other countries in order to produce carrots resistant to harmful nematodes
and diseases.81 General integrated pest management (IPM) practices in the production of carrots
also help to curb the damage done by nematodes. The IPM program at UC Davis recommends
planting carrots at less than 64° F because three root-knot nematodes (M. incognita, M. javanica,
and M. arenaria) are not active at that temperature.82


These cost-effective methods of pest control for tomato, strawberry, carrot, and potato crops are
just a few examples of the types of technologies that farmers are using to grow crops without the
use of methyl bromide or other toxic fumigants. There are many alternatives already in use by
farmers growing otherwise high-fumigant-use crops in both large and small farming operations.
The EPA should seriously research and consider these alternatives in light of the significant toxic
health and environmental impacts of chemical fumigants and not register another toxic fumigant
for use.
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February 21st, 2006

Re: Comments on the Methyl Iodide Preliminary Risk Assessment

Ms. Mary L. Waller, Product Manger
Registration Division (7505C)
Office of Pesticide Programs
Environmental Protection Agency
1200 Pennsylvania Av NW
Washington, DC 20460-0001
(703)308-9354
(703)308-1825(fax)
waller.mary@epa.gov

Dear Ms. Waller:

This letter and the attachment that follows are a submission to docket:

Iodomethane Risk Assessment, EPA-HQ-OPP-2005-0252

These comments are submitted by Pesticide Action Network North America,
California Rural Legal Assistance Foundation, Northwest Coalition for Alternatives to
Pesticides, Center for Environmental Health, Alaska Community Action on Toxics
and The Endocrine Disruptor Exchange, Inc. Thank you for the opportunity to
comment on this risk assessment.

Our comments on the methyl iodide risk assessment fall into the following general
areas:

1. Data Quality and Toxicology Assessment
2. Bystander Exposure Assessment
3. Occupational Exposure Assessment
4. Fumigant Usage, Need, and Alternatives

Each area has a corresponding section in the attachment that follows. Because of the
diversity of expertise required to write each section, the sections have separate leads.
The authors for Section 1 are Susan Kegley, Ph.D., Senior Scientist, PANNA and
Michael J. DiBartolomeis, PhD, DABT, Consulting Toxicologist, PANNA. For
Section 2, Brian R. Hill, PhD, Staff Scientist, PANNA. For Section 3, Anne Katten,
MPH, Pesticide and Work Safety Specialist, California Rural Legal Assistance
Foundation (CRLAF). For Section 4, Katherine Mills, Assistant Scientist, PANNA
and Kathryn Gilje, Campaigns Department Director. Questions or requests for
clarifications can be directed to the respective section leads via PANNA, (415) 981-
1771, and CRLAF, (916) 446-7904.

What follows are highlights of the respective sections.



From: Susan Kegley
To: Robert Bergman; Roald Hoffmann; Froines, John; Elinor Fanning
Subject: [Fwd: Re: Journalist inquiry from Nature - methyl iodide]
Date: Thursday, August 27, 2009 11:42:37 AM

I thought you all might be interested in Kathy Collins' response to the Nature
journalist. She said it would be OK to forward to you all.  Perhaps some of this will
end up in the Nature article.

-------- Original Message --------
Subject:Re: Journalist inquiry from Nature - methyl iodide

Date:Wed, 26 Aug 2009 20:59:15 -0700
From:Kathleen Collins <kcollins@berkeley.edu>

To:
CC:spear@berkeley.edu, skegley@pesticideresearch.com,

schore@chem.ucdavis.edu
References:

Hello ,

Dr. Kegley has accumulated impressive research relevant to agricultural use of
methyl iodide (MeI), and as chemists she and Neil Shore would have the most direct
experience handling it.  My expertise is in chromosome biology (as you could figure
out from my Nature journal publications), so I was testifying about MeI toxicity and
carcinogenicity as a potent DNA methylation agent. 

I'm not sure how you could capture this in print, but in case you are inspired to do
so, I'm inclined to try to explain what I learned from the testimony of others (I
would be happy to talk to you about my testimony as well, but it was just a recap of
DNA modification and polymerase biochemistry studies from the literature).  

We scientists are hesitant to stick our neck out and say "this is BAD" even when we
know something is really quite bad. I have no doubt that MeI is NOT suitable for
large-scale environmental release, but I came armed with facts, literature
references, and so on just in case anyone challenged me.  We testified before the
ag-business people, who obviously had no similar issues stretching the truth;
fortunately for our blood pressures, we didn't have a chance to call them on it.

The deepest impressions that I have from my experience are how inadequate the
entire system of guidelines and review processes are.  The company that will make
MeI here in the USA touts its pioneering system of training for those applying the
chemical in the fields - so that they know how to keep the poisoning of innocents to
a supposed minimum.  But in reality, as we heard in testimony from farm workers,
citizens, and their advocates, none of these "required" aspects of training and
chemical application in the fields are really required.  It was shocking - approval is
granted based on essential regulations that have little chance of actually being
applied in the field.  Furthermore, we heard how regulations favor the toxic
poisoning approach over the equally successful organic one:  if you say that you
have poisoned the ground before planting your nursery crop for export, you don't
have to test that crop for parasites before export.  But if you didn't use toxic
chemicals, then you do have to test the crop; if one parasitic nematode is detected
for the entire nursery operation, apparently the entire crop is banned from export.
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 No wonder they are willing to poison the earth.

Perhaps you have similar problems in B.C., or perhaps the province has more logical
agricultural codes.  

Again, I'm not sure that this is Nature-relevant, but somehow it should be some
kind of call to attention.  And don't hold my session compadres accountable for my
own experience ....

Kathy

On Aug 21, 2009, at 1:51 PM, Nicola Jones wrote:

Dear all,
Hello. I am a science journalist with Nature, the international science journal
based in London England  I am looking into
a story about the possible regulation of methyl iodide in California, and the use
of the chemical generally. I understand that you recently testified at a
government hearing about this, and I would greatly appreciate if you could
answer the following questions for me by end-of-day Friday 28 August. Your
help and input would be greatly appreciated. Should you raise a particular point
of interest, it would be fantastic if I could follow up with a phone call.
 
1) Could you summarize your main concerns about the use of methyl iodide?
2) What, in your opinion, should California, the United States, and the world at
large do with methyl iodide (ie ban it from all uses; ban it from agricultural use;
allow it for some uses with restrictions...)?
3) are you aware of any suitable alternatives to methyl iodide that would be
commercially viable for strawberry farmers?
4) do you have faith in the current independent review process in California; ie
do you believe it will come to fair and valid conclusions, and that their advice
will be taken by the CDPR (and maybe even the EPA)?
5) Given that the fumigant has been regulated for use by the EPA since October
2007, are you aware of any studies on acute toxic effects on human workers over
the past 2 years?
 
Many thanks for your time,
Sincerely,

 



-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.
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From: Susan Kegley
To: Froines, John
Subject: Re: PAN comment letter on EPA"s MeI risk assessment, Jan 2006
Date: Monday, August 31, 2009 11:11:20 AM
Attachments: rm_rm_r_lesions_survival_crlcd-sd_br_rats.pdf

MeI.Cancer.assessment.pdf

Hi John,
> What do you mean about the "mortality of the rats in the cancer study".
> Thanks.
>  
In EPA's risk assessment (the HIARC report, attached), it was noted for
the rat study that:
"Though survival was low (34-38% for control and 60 ppm males and
females, 46-48% for the
other groups), it did not appear to be affected by exposure to the test
article since the high-dose
and control groups had comparable mortality rates."

This looked fishy to me that the control group would have a LOWER
survival rate than the treated group. Seems to indicate that there were
some issues with animal care or perhaps some of the control animals were
dosed by accident? or something. To verify that these survival rates
were indeed "low", I went to the Charles River Lab site and found a
document that discussed survival rates and tumors in control groups for
Crl:CD(SD)BR IGS rats. This document is also attached---see esp. pp. 9
and 10 with bar graphs of typical survival rates. The 34-48% appears to
be in the normal range of survival, and the variability among studies is
quite large. So maybe this is a non-issue? I don't feel like I have
enough experience looking at these kinds of studies to know for sure, so
if someone on the panel could take a look at this, it would be good.

Another potential issue is a footnote in Table 1 on p. 7 of the HIARC
document: "Number of tumor bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 53."

So it looks like they didn't actually examine ALL of the rats--not the
ones that died, even. That seems counterintuitive and could possible
skew the data. It's hard to tell how many rats were dead by week 53 that
were not examined. You need an answer to that question.

Susan

--
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to which it is addressed and may
contain information that is privileged, confidential and exempt from disclosure under applicable law as
attorney client and work-product confidential or otherwise confidential communications. If the reader of
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INTRODUCTION:


In the course of data analysis from a carcinogenicity study, statistical tests will occasionally
indicate that the incidence of a particular neoplasm is significantly greater in a treated group than in the
concurrent control.  Since statistical differences can occur as a matter of chance alone, using a positive
statistic difference as the sole or definitive evaluation tool could produce a false positive result  (3,7).
Alternatively, a slight increase in the incidence of a rare neoplasm would be unlikely to achieve statistical
significance by the tests typically employed in toxicology studies.   In this type of situation, the use of
historical control data could justify the biological significance of even a slight increase in the incidence of
an uncommon neoplasm (7).


The histopathology and survival data presented in this publication were gathered from twenty four
toxicology studies of approximately 104 weeks duration.  All studies were conducted in accordance with
Good Laboratory Practice regulations of the US Food and Drug Administration or the Environmental
Protection Agency and/or the Standard Operating Procedures of the participating laboratory.  All studies
were performed in the United States, Canada or Japan by contract laboratories, academic institutions or
industrial toxicology facilities.  All studies were conducted in support of in-house research or marketing
permits.  The data presented were provided to us by the individual laboratories or gathered from the
published literature.


PURPOSE:
The purpose of this compilation is to offer the study director, reviewing toxicologist and/or study


pathologist some reported incidences of neoplasms and survival data in Crl:CD (SD)BR rats maintained as
control animals throughout their lifetime, approximately 104 weeks.  This document was prepared for
informational purposes only.  Diagnoses of the various neoplasms in the compilations are intentionally
grouped in a manner to provide the user with a range of reported incidences of similar types of lesions.
This compilation is not intended in any way to propose a system of standardized nomenclature nor does it
separately include each and every reported variant of each lesion.  For these reasons, care should be taken in
using these data that are not intended as a substitute for historical data collected within an institution.


COMMON STUDY PARAMETERS:
The 24 studies included in this publication were initiated between 1991 and 1997 at six different


industrial or contract testing facilities in the United States, Canada and Japan.  All studies used
Crl:CD (SD)BR rats from Charles River Laboratories.  Rats in studies 15-19 were from Crl:CD (SD)BR
IGS (International Genetic Standard) colonies.  IGS is a breeding system that CRL implemented in the mid-
1990’s to stabilize the degree of genetic diversity represented among colonies of Crl:CD (SD)BR rats, both
horizontally (among colonies worldwide) and longitudinally (over subsequent generations).  Rats from other
studies were not reported as having originated from IGS colonies, although it is possible that some were, in
fact, being operated using the IGS system.  CRL has never received any information to indicate that
Crl:CD (SD)BR rats have a different tumor profile in the IGS system.  Additional information regarding
the IGS system and on background data for Crl:CD (SD)BR IGS rats is available (9-11).


The rats in these studies were from control groups of dietary, gavage, or subcutaneous dosing
studies and were approximately 4-8 weeks of age at study initiation. Dietary study control groups received
untreated diet while groups from oral dosing studies received 1.0% polyethelene glycol; 0.5% aqueous
methylcellulose; 1.0% aqueous carboxymethylcellulose; or deionized water as the vehicle control.  The
animals from the subcutaneous dosing study received sterile water for injection (USP).


Rats included in this publication were singly housed in stainless steel wire mesh cages with free
access to water. The animal rooms were generally maintained at average temperatures of 72 +/- 5 degrees
Fahrenheit with an average relative humidity of 30-70%. A 12hr/12hr light/dark cycle was employed in all
studies.  Since these studies were conducted in different facilities, there was some variation in
environmental conditions. However, the overall environmental conditions were not considered by those
performing the studies to have had any effect on the quality or integrity of the studies.  Rats were allowed







free access to tap water and one of the following commercial diets; Purina PMI Certified Rodent Chow
5002 , CR-LPF (Oriental Yeast Co., Ltd., Japan) or CRF-1 (Oriental Yeast Co., Ltd., Japan).


DATA SETS PRESENTED:


Survival data are presented by study as the actual number surviving to terminal sacrifice and as
percent survival at terminal sacrifice (Tables 1 and 2). The survival data are also presented in graphic form
(Graphs 1 and 2)


The overall incidences of all neoplastic lesions observed in any organ are reported and are
summarized in Tables 3 and 4.  These data also include neoplastic lesions from rats that died or were found
moribund and killed prior to terminal sacrifice, but not from rats that were killed for an interim sacrifice.
Due to the apparent diversity in terminology and the variability among studies in the incidence of particular
lesions, the individual study incidences of lesions in selected organs/systems are also presented (Tables 5
and 6).  These organs/systems include liver; pituitary; thyroid; adrenal; pancreas; mammary gland; and
whole body/multiple organ.


SUMMARY TABLE CALCULATIONS FOR NEOPLASTIC LESIONS:


The following is a description of how each of the parameters in the tables was calculated.


Number of Studies (# Studies)
This is the number of studies in which a particular tissue/organ was examined.  In this presentation,


the number of studies is 23 for males and 24 for females.


Total Number of Organs (Total # Organs)
This number represents the sum of the total number of tissues or organs examined in all control


groups from all studies combined.  Widespread tumors that showed involvement of multiple organs were
listed on the basis of total number of animals examined.  Occasionally, a tumor would be noticed in a tissue
not designated for histological examination by the study protocol.  In these instances, the tumor incidence
was based on the total number of animals examined as any such tumor or lesion would have been noticed on
gross examination of the animal.  Autolysis of tissues did not routinely exclude tissues from diagnosis.
Some laboratories presented data separately for different regions within an organ (i.e., duodenum, jejunum
and ileum) while most presented data by the organ (i.e., small intestine). When data were presented
separately by organ region, they were grouped under the organ and calculations were based on the number
of organs examined.


Total Number of Lesions (# Lesions)
This represents the total number of occurrences of this lesion in the specified organ in all studies


examined.


Percent of Total
These values represent the percent incidence of a particular lesion/diagnosis in the total number


(all studies combined) of a particular organ examined.  These values were calculated by dividing the total
number of lesions by the total number of organs/animals examined and multiplying by 100 to express the
values as a percent.  Values are expressed to the second decimal place.  Some caution is indicated in using
this number, since not all pathologists or institutions will include all diagnoses in their lexicon.


Number of Studies Using This Diagnosis
This is the number of studies in which a particular diagnosis was reported. This number may be


useful in interpreting the overall incidence (percent of total) of a particular diagnosis, see above.


Minimum and Maximum Percent Found (Minimum and Maximum % Found)







The range reported is the lowest and highest percent incidence for each lesion from the studies
where the diagnosis was made.  Therefore, if a study did not include a particular diagnosis, it was excluded
from these calculations.  The minimum and maximum percent found values should be considered in
conjunction with the Number of Studies Using the Diagnosis.


The individual study percentages, Minimum % Found and Maximum % Found, were calculated by
dividing the number of times each diagnosis was made by the total number of organs examined in each
study and then multiplying the resultant value by 100 to express it as a percent. Values are expressed to the
second decimal place.


SYNONYMS FOR NEOPLASTIC LESIONS:    


Synonymous terms or diagnoses were frequently encountered in different studies, and were
combined under a single, often broad diagnosis, which was considered to be the primary diagnosis, shown
below in CAPITAL LETTERS.  Although some effort was made to use currently acceptable terms, it is
beyond the scope of this publication to propose a system of preferred diagnoses. A current trend in
toxicologic pathology is to simplify tumor classification (i.e., “lumping” as opposed to “splitting”) and the
categories of neoplasms used in this publication are considered to be consistent with that trend. The
synonyms which were included in the various diagnoses are presented in the synonym list which follows.
Where possible, terminology is consistent with the classification system proposed by the Society of
Toxicologic Pathologists.


Stomach:
NONGLANDULAR MUCOSA/SQUAMOUS CELL PAPILLOMA = papilloma; non-glandular
mucosa papilloma; squamous cell papilloma
NONGLANDULAR MUCOSA, CARCINOMA = squamous cell carcinoma


Liver:
BILE DUCT ADENOMA = cholangioma


Heart:
ENDOCARDIAL SCHWANNOMA, MALIGNANT = neurilemmoma, malignant, endocardial


schwannoma, NOS


Uterus:
ENDOMETRIAL STROMAL POLYP = polyp
ENDOMETRIUM, ADENOCARCINOMA = adenocarcinoma; endometrium, carcinoma
ENDOMETRIAL STROMAL SARCOMA = sarcoma


Skin:
BASAL CELL CARCINOMA = malignant basal cell tumor


Mammary Gland:
ADENOMA = cystadenoma


Adrenal:
CORTEX, CARCINOMA= cortex, adenocarcinoma
PHEOCHROMOCYTOMA, BENIGN= medulla neoplasm, benign
PHEOCHROMOCYTOMA, MALIGNANT=medulla neoplasm, malignant


 Pancreas:
ISLET CELL, ADENOMA= islet, adenoma; adenoma, not otherwise specified
ISLET CELL, CARCINOMA = islet cell, adenocarcinoma; islet, carcinoma


Pituitary:







ADENOMA = adenoma anterior lobe; adenoma pars distalis
CARCINOMA = carcinoma pars distalis; adenocarcinoma; adenocarcinoma pars distalis


Thyroid:
C-CELL = parafollicular cell
FOLLICULAR CELL CARCINOMA = follicular cell adenocarcinoma


Body:
WHOLE BODY/MULTIPLE ORGAN = primary site undetermined
LYMPHOMA, MALIGNANT=Lymphoma, lymphocytic; Leukemia, lymphocytic
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Table 1: Summary of Individual Study Information and Survival/Males-104 Weeks


Study Identification 1 2 3 4 5 6 7 8 9 10 11 12
Study Initiation Date 1994-96* 1994-96* 1992 1994 1996 1992 1992 1993 1992 1994 1996 1996
Total Number on Study 130 115 60 110 54 50 52 50 60 70 70 70
Number Surviving to Termination 56 45 25 25 13 10 13 17 20 12 31 36
% Survival 43.1 39.1 41.7 22.7 24.1 20.0 25.0 34.0 33.3 17.1 44.3 51.4
Study Duration in Weeks 104 104 104 104 104 104 104 104 104 104 104 104


Study Identification 13 14 15 16 17 18 19 20 21 22 23
Study Initiation Date 1995 1995 1996 1996 1996 1996 1997 1997 1997 1997 1991
Total Number on Study 70 60 50 50 50 50 60 70 60 60 60
Number Surviving to Termination 19 20 25 26 18 16 30 44 31 22 19
% Survival 27.1 33.3 50.0 52.0 36.0 32.0 50.0 62.9 51.7 36.7 31.7
Study Duration in Weeks 104 104 104 104 104 104 104 104 104 104 104


* Studies initiated between 1994 and 1996







Table 2: Summary of Individual Study Information and Survival/Females-104 Weeks


Study Identification 1 2 3 4 5 6 7 8 9 10 11 12
Study Initiation Date 1994-96* 1994-96* 1992 1994 1996 1992 1992 1993 1992 1994 1996 1996
Total Number on Study 130 115 60 110 54 50 51 49 60 70 70 70
Number Surviving to Termination 44 41 27 41 13 15 15 24 20 14 20 24
% Survival 33.8 35.7 45.0 37.3 24.1 30.0 29.4 49.0 33.3 20.0 28.6 34.3
Study Duration in Weeks 104 104 104 104 104 104 104 104 104 104 104 104


Study Identification 13 14 15 16 17 18 19 20 21 22 23 24
Study Initiation Date 1995 1995 1996 1996 1996 1996 1997 1997 1997 1997 1991 1994-96*
Total Number on Study 70 60 50 50 50 50 60 70 60 60 60 200
Number Surviving to Termination 21 17 25 24 19 17 29 43 21 19 27 68
% Survival 30.0 28.3 50.0 48.0 38.0 34.0 48.3 61.4 35.0 31.7 45.0 34.0
Study Duration in Weeks 104 104 104 104 104 104 104 104 104 104 104 104


* Studies initiated between 1994 and 1996







Graph 1: Male Survival-104 Weeks
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Graph 2: Female Survival-104 Weeks
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Table 3: Neoplasms/Males-104 Weeks


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


ORAL CAVITY 23 1531
Fibrosarcoma 1 0.07 1 0.91 0.91
Keratoacanthoma 1 0.07 1 2.00 2.00
Odontoma, Benign 1 0.07 1 1.67 1.67


SALIVARY GLAND 23 1531
Adenoma 1 0.07 1 1.43 1.43
Mesothelioma 1 0.07 1 1.67 1.67
Schwannoma, Benign 1 0.07 1 1.43 1.43


ESOPHAGUS 23 1531
Anaplastic Carcinoma 1 0.07 1 0.87 0.87


STOMACH 23 1531
Adenocarcinoma 1 0.07 1 2.00 2.00


SMALL INTESTINE 23 1531
Adenocarcinoma 4 0.26 4 1.43 2.00
Leiomyoma 1 0.07 1 1.43 1.43


LARGE INTESTINE/CECUM/ANUS 23 1531
Adenocarcinoma 1 0.07 1 0.77 0.77
Leiomyoma 1 0.07 1 0.77 0.77
Leiomyosarcoma 1 0.07 1 1.43 1.43


LIVER 23 1531
Anaplastic Carcinoma 1 0.07 1 0.87 0.87
Hepatocellular Adenoma 37 2.42 17 1.43 8.00
Hepatocellular Carcinoma 32 2.09 16 0.77 6.67


GALL BLADDER 23 1531


MESENTERY 23 1531







Table 3: Neoplasms/Males (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


Anaplastic Carcinoma 1 0.07 1 0.87 0.87
Fibroma 1 0.07 1 1.43 1.43
Hemangiosarcoma 1 0.07 1 2.00 2.00
Leiomyosarcoma 1 0.07 1 1.43 1.43
Lipoma 1 0.07 1 0.87 0.87
Liposarcoma 1 0.07 1 1.92 1.92
Mesothelioma 2 0.13 2 0.77 1.43


NASAL CAVITY 23 1531
Schwannoma, Malignant 1 0.07 1 2.00 2.00


LUNG 23 1531
Adenoma, Alveolar/Bronchiolar 2 0.13 2 1.43 2.00
Adenocarcinoma, Alveolar/Bronchiolar 2 0.13 2 1.43 2.00
Papilloma 1 0.07 1 1.67 1.67


KIDNEY 23 1531
Adenoma/Tubular Adenoma 8 0.52 6 1.43 4.00
Adenocarcinoma/Tubular Adenocarcinoma 5 0.33 4 1.67 4.00
Lipoma 10 0.65 10 1.43 2.00
Liposarcoma 3 0.20 3 1.67 2.00
Mesenchymal Tumor, Malignant 4 0.26 3 0.77 1.85
Nephroblastoma, Malignant 1 0.07 1 1.43 1.43
Transitional Cell Carcinoma 1 0.07 1 1.67 1.67


URINARY BLADDER 23 1531
Anaplastic Carcinoma 1 0.07 1 0.87 0.87
Urothelial Papilloma 4 0.26 3 1.43 3.33
Urothelial Carcinoma 2 0.13 2 1.67 2.00


TESTIS 23 1531
Granuloma, Spermatic 1 0.07 1 1.67 1.67
Interstitial Cell Tumor, Benign 36 2.35 14 1.43 7.14
Interstitial Cell Tumor, Malignant 5 0.33 3 1.67 3.33
Mesothelioma, Malignant 1 0.07 1 1.43 1.43
Sertoli Cell Tumor, Benign 0 0.00 0 0.00 0.00


SEMINAL VESICLE 23 1531
Adenoma 1 0.07 1 1.43 1.43







Table 3: Neoplasms/Males (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


Anaplastic Carcinoma 1 0.07 1 0.87 0.87


PROSTATE 23 1531
Adenoma 6 0.39 5 1.67 3.33


PREPUTIAL GLAND 23 1531
Adenoma 1 0.07 1 1.67 1.67
Squamous Cell Carcinoma 2 0.13 2 0.77 1.85


EPIDIDYMIS 23 1531
Leiomyosarcoma 1 0.07 1 1.67 1.67


SKIN 23 1531
Basal Cell Tumor, Benign 8 0.52 6 0.77 4.00
Basal Cell Carcinoma 6 0.39 5 0.77 1.82
Fibroma 67 4.38 20 1.67 10.77
Squamous Cell Carcinoma 8 0.52 6 0.91 4.00
Fibrosarcoma 24 1.57 14 0.87 5.00
Hemangioma 3 0.20 1 5.77 5.77
Hemangiosarcoma 2 0.13 2 1.43 2.00
Keratoacanthoma 35 2.29 14 1.43 10.00
Lipoma 38 2.48 15 0.91 6.96
Liposarcoma 2 0.13 2 1.43 2.00
Myxoma 3 0.20 3 1.67 2.00
Myxosarcoma 2 0.13 2 0.77 1.43
Neurofibrosarcoma 1 0.07 1 0.77 0.77
Osteosarcoma 1 0.07 1 1.67 1.67
Pilomatrixoma, Benign 5 0.33 5 0.87 1.85
Rhabdomyosarcoma 2 0.13 2 0.77 1.43
Schwannoma, Malignant 5 0.33 5 1.43 2.00
Sebaceous Gland Adenoma 12 0.78 6 0.87 4.62
Squamous Cell Papilloma 26 1.70 13 0.87 6.00
Trichoepithelioma, Benign 6 0.39 4 1.43 4.29
Trichofolliculoma, Benign 1 0.07 1 1.85 1.85


MAMMARY GLAND 23 1531
Adenoma 4 0.26 4 0.87 2.00
Adenocarcinoma 7 0.46 5 0.87 3.33
Fibroma 3 0.20 2 1.54 1.67
Fibroadenoma 15 0.98 8 1.67 5.77







Table 3: Neoplasms/Males (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


Fibrosarcoma 1 0.07 1 2.00 2.00
Lipoma 1 0.07 1 2.00 2.00


ADRENAL 23 1531
Cortex, Adenoma 36 2.35 17 0.91 8.00
Cortex, Carcinoma 10 0.65 10 0.77 2.00
Pheochromocytoma, Benign 181 11.82 22 1.43 22.86
Pheochromocytoma, Malignant 25 1.63 14 1.43 5.00


PANCREAS 23 1531
Acinar Cell, Adenoma 22 1.44 9 1.43 11.43
Acinar Cell, Carcinoma 7 0.46 6 0.87 3.33
Islet Cell, Adenoma 106 6.92 15 1.67 25.71
Islet Cell, Carcinoma 47 3.07 13 0.77 14.00
Mixed Adenoma 1 0.07 1 0.87 0.87


PITUITARY 23 1531
Adenoma 714 46.64 23 0.77 70.00
Carcinoma 42 2.74 9 0.77 36.00
Craniopharyngioma 1 0.07 1 1.67 1.67
Ganglioneuroma 1 0.07 1 0.77 0.77
Granular Cell Tumor, Malignant 1 0.07 1 1.43 1.43


THYROID 23 1531
C-Cell, Adenoma 120 7.84 21 1.43 14.29
C-Cell, Carcinoma 21 1.37 11 1.43 14.81
Follicular Cell, Adenoma 41 2.68 15 1.67 12.00
Follicular Cell, Carcinoma 15 0.98 10 0.87 3.85


PARATHYROID 23 1531
Adenoma 32 2.09 13 0.77 8.33


BRAIN 23 1531
Astrocytoma, Malignant 13 0.85 8 0.87 3.33
Ependymona 1 0.07 1 1.43 1.43
Glioma, Malignant 3 0.20 3 0.91 1.92
Granular Cell Tumor, Benign 6 0.39 6 0.91 2.00
Granular Cell Tumor, Malignant 4 0.26 3 1.43 2.86
Hemangiosarcoma 1 0.07 1 1.92 1.92







Table 3: Neoplasms/Males (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


Meningeal Sarcoma 1 0.07 1 0.87 0.87
Oligodendroglioma 2 0.13 2 1.43 2.00


SPINAL CORD 23 1531
Astrocytoma, Malignant 1 0.07 1 0.77 0.77


PERIPHERAL NERVE 23 1531


SKELETAL MUSCLE 23 1531
Fibroma 1 0.07 1 2.00 2.00
Hemangiosarcomma 1 0.07 1 1.67 1.67
Rhabdomyosarcoma 3 0.20 3 1.43 2.00
Sarcoma 1 0.07 1 2.00 2.00


BONE 23 1531
Chrondrosarcoma 3 0.20 3 0.87 2.00
Hemangiosarcoma 1 0.07 1 2.00 2.00
Osteoma, Benign 2 0.13 2 1.43 2.00
Osteosarcoma 1 0.07 1 1.67 1.67


HEART 23 1531
Endocardial Schwannoma, Malignant 2 0.14 2 0.77 1.67
Mediastinal Tissue Mesothelioma, Malignant 4 0.26 4 0.91 1.85


BLOOD VESSEL 23 1531


BONE MARROW 23 1531
Lymphoma, Malignant 1 0.07 1 1.67 1.67


SPLEEN 23 1531
Fibrosarcoma 1 0.07 1 0.77 0.77
Liposarcoma 2 0.13 2 1.43 1.67


THYMUS 23 1531
Thymoma, Malignant 3 0.20 3 0.77 2.00







Table 3: Neoplasms/Males (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


LYMPH NODES 23 1531
Hemangioma 2 0.13 2 1.67 2.00
Hemangiosarcoma 4 0.26 2 1.85 4.29


WHOLE BODY/MULTIPLE ORGAN 23 1531
Hemangioma 3 0.20 2 0.77 3.33
Hemangiosarcoma 1 0.07 1 1.67 1.67
Histiocytic Sarcoma 31 2.02 15 0.77 6.00
Leukemia, Granulocytic 8 0.52 7 1.43 2.86
Leukemia, Mononuclear Cell 1 0.07 1 2.00 2.00
Lymphoma, Malignant 25 1.63 12 0.91 6.00


EYE 23 1531
Amelanotic Melanoma, Benign 1 0.07 1 1.92 1.92
Harderian Gland, Adenoma 1 0.07 1 2.00 2.00
Harderian Gland, Adenocarcinoma 1 0.07 1 1.92 1.92
Lacrimal Gland, Hemangioma 1 0.07 1 1.67 1.67
Leiomyosarcoma 1 0.07 1 1.67 1.67


EAR 23 1531
Melanoma, Malignant 1 0.07 1 1.67 1.67
Neural Crest Tumor 1 0.07 1 2.00 2.00
Pinna, Papilloma 1 0.07 1 1.43 1.43
Zymbal's Gland, Adenoma 2 0.13 2 1.67 2.00
Zymbal's Gland, Carcinoma 12 0.78 9 0.77 4.00







Table 4: Neoplasms/Females-104 Weeks


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


ORAL CAVITY 24 1729
Squamous Cell Papilloma 1 0.06 1 0.87 0.87
Squamous Cell Carcinoma 4 0.23 3 1.00 2.00
Tongue, Granular Cell Tumor, Benign 1 0.06 1 2.00 2.00
Tooth, Ameloblastoma, Malignant 1 0.06 1 2.00 2.00


SALIVARY GLAND 24 1729
Adenocarcinoma 1 0.06 1 2.00 2.00


ESOPHAGUS 24 1729


STOMACH 24 1729
Nonglandular Mucosa/Squamous Cell Papilloma 2 0.12 2 1.67 1.67
Teratocarcinoma 1 0.06 1 2.00 2.00


SMALL INTESTINE 24 1729
Leiomyoma 1 0.06 1 2.00 2.00
Leiomyosarcoma 4 0.23 3 0.87 2.00


LARGE INTESTINE/CECUM/ANUS 24 1729
Leiomyosarcoma 1 0.06 1 1.67 1.67
Lipoma 2 0.12 2 1.43 1.85


LIVER 24 1729
Bile Duct Adenoma 7 0.40 5 1.43 6.12
Hemangiosarcoma 1 0.06 1 0.50 0.50
Hepatocellular Adenoma 35 2.02 13 0.77 13.33
Hepatocellular Carcinoma 7 0.40 7 0.77 1.67
Histiocytic Sarcoma 2 0.12 1 1.00 1.00
Lymphosarcoma 1 0.06 1 0.50 0.50


GALL BLADDER 24 1729







Table 4: Neoplasms/Females (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


MESENTERY 24 1729
Fibrosarcoma 2 0.12 2 0.91 1.43


NASAL CAVITY 24 1729


LUNG 24 1729
Adenoma, Alveolar/Bronchiolar 3 0.17 3 0.77 1.43
Adenocarcinoma, Alveolar/Bronchiolar 2 0.12 2 0.77 1.43
Leiomyoma 1 0.06 1 1.43 1.43
Mesothelioma 1 0.06 1 0.77 0.77


KIDNEY 24 1729
Adenocarcinoma/Tubular Adenocarcinoma 2 0.12 2 0.77 1.85
Lipoma 3 0.17 3 0.50 1.67
Liposarcoma 5 0.29 5 0.77 1.85
Transitional Cell Carcinoma 2 0.12 2 0.50 2.00


URINARY BLADDER 24 1729
Leiomyosarcoma 1 0.06 1 1.43 1.43
Transitional Cell Carcinoma 1 0.06 1 1.67 1.67
Urothelial Papilloma 2 0.12 2 1.43 1.67
Urothelial Carcinoma 1 0.06 1 2.00 2.00


OVARY 24 1729
Cystadenocarcinoma 1 0.06 1 2.00 2.00
Granulosa Cell Tumor, Benign 1 0.06 1 1.67 1.67
Granulosa Cell Tumor, Malignant 2 0.12 2 1.67 2.00
Papilloma 1 0.06 1 1.67 1.67
Sertoli Cell Tumor, Benign 2 0.12 2 1.85 1.96
Thecal Cell Tumor, Benign 3 0.17 3 1.43 2.00
Thecal Cell Tumor, Malignant 3 0.17 3 0.87 1.85


CERVIX 24 1729
Fibroma 1 0.06 1 0.50 0.50
Granular Cell Tumor, Benign 2 0.12 2 1.43 1.43
Polyps 2 0.12 1 1.00 1.00
Stromal Sarcoma 4 0.23 4 0.77 1.43







Table 4: Neoplasms/Females (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


VAGINA 24 1729
Granular Cell Tumor, Benign 3 0.17 2 1.43 3.33
Granular Cell Tumor, Malignant 1 0.06 1 1.43 1.43
Leiomyoma 1 0.06 1 2.00 2.00
Leiomyosarcoma 1 0.06 1 1.85 1.85
Schwannoma, Malignant 2 0.12 1 3.33 3.33
Stromal Sarcoma 2 0.12 2 0.87 2.04
Squamous Cell Papilloma 3 0.17 3 0.87 1.67
Squamous Cell Carcinoma 1 0.06 1 1.43 1.43


CLITORAL GLAND 24 1729
Adenoma 2 0.12 1 3.33 3.33


UTERUS 24 1729
Adenoma 1 0.06 1 1.85 1.85
Adenocarcinoma 1 0.06 1 1.67 1.67
Endometrial Stromal Polyp 41 2.37 16 0.91 11.67
Endometrial Carcinoma 3 0.17 3 0.77 2.00
Fibrosarcoma/Stromal Sarcoma 15 0.87 7 1.43 18.00
Granular Cell Tumor, Benign 1 0.06 1 2.00 2.00
Hemangioma 30 1.74 6 1.43 15.00
Leiomyoma 6 0.35 6 0.87 2.00
Leiomysarcoma 1 0.06 1 1.43 1.43
Schwannoma, Malignant 1 0.06 1 1.67 1.67
Squamous Cell Carcinoma 1 0.06 1 0.77 0.77


MAMMARY GLAND 24 1729
Adenoma 145 8.39 20 1.67 32.00
Adenocarcinoma 410 23.71 22 8.57 58.33
Carcinosarcoma 6 0.35 3 1.67 5.00
Fibroma 8 0.46 2 1.43 5.38
Fibroadenoma 711 41.12 24 13.33 61.22
Fibrosarcoma 3 0.17 2 1.54 1.67
Lipoma/Adenolipoma 5 0.29 2 2.00 3.08
Neurofibrosarcoma 2 0.12 2 0.77 1.85


SKIN 24 1729
Basal Cell Tumor, Benign 2 0.12 2 1.43 1.67
Chrondrosarcoma 1 0.06 1 2.00 2.00
Fibroma 10 0.58 7 0.91 3.33







Table 4: Neoplasms/Females (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


Fibrosarcoma 4 0.23 4 1.43 2.00
Hemangioma 17 0.98 5 1.67 6.67
Hemangiosarcoma 8 0.46 6 1.00 2.04
Keratoacanthoma 6 0.35 5 1.43 2.86
Lipoma 16 0.93 10 0.91 7.14
Myxoma 2 0.12 2 0.87 1.67
Myxosarcoma 10 0.58 4 0.91 5.22
Pilomatrixoma, Benign 1 0.06 1 0.50 0.50
Rhabdomyosarcoma 1 0.06 1 2.00 2.00
Schwannoma, Benign 1 0.06 1 2.00 2.00
Schwannoma, Malignant 2 0.12 2 1.67 2.00
Sebaceous Gland Adenocarcinoma 1 0.06 1 1.43 1.43
Squamous Cell Papilloma 2 0.12 2 1.43 1.67
Squamous Cell Carcinoma 2 0.12 2 1.67 2.00


ADRENAL 24 1729
Cortex, Adenoma 64 3.70 19 1.43 34.00
Cortex, Carcinoma 12 0.69 8 0.91 4.29
Pheochromocytoma, Benign 37 2.14 15 1.43 10.00
Pheochromocytoma, Malignant 13 0.75 7 1.43 8.33


PANCREAS 24 1729
Acinar Cell, Adenoma 3 0.17 2 1.96 3.33
Acinar Cell, Carcinoma 1 0.06 1 1.96 1.96
Islet Cell, Adenoma 59 3.41 18 1.43 14.29
Islet Cell, Carcinoma 19 1.10 11 0.77 4.29
Leiomyosarcoma 1 0.06 1 0.77 0.77


PITUITARY 24 1729
Adenoma 1206 69.75 24 26.00 92.00
Carcinoma 117 6.77 18 1.43 58.00
Ganglioneuroma 1 0.06 1 0.77 0.77


THYROID 24 1729
C-Cell, Adenoma 124 7.17 23 2.86 16.67
C-Cell, Carcinoma 8 0.46 6 0.77 4.00
Follicular Cell, Adenoma 20 1.16 13 1.43 6.12
Follicular Cell, Carcinoma 10 0.58 7 0.87 3.33
Ganglioneuroma 1 0.06 1 1.43 1.43







Table 4: Neoplasms/Females (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


PARATHYROID 24 1729
Adenoma 23 1.33 12 1.00 4.35


BRAIN 24 1729
Astrocytoma, Benign 1 0.06 1 2.04 2.04
Astrocytoma, Malignant 9 0.52 4 1.67 2.31
Ganglioneuroma, Benign 1 0.06 1 1.67 1.67
Glioma, Malignant 1 0.06 1 1.43 1.43
Granular Cell Tumor, Benign 5 0.29 4 1.00 2.00
Granular Cell Tumor, Malignant 2 0.12 2 1.43 1.67
Meningeal Sarcoma 1 0.06 1 2.00 2.00
Oliodendroglioma, Malignant 2 0.12 2 0.50 2.00


SPINAL CORD 24 1729


PERIPHERAL NERVE 24 1729


SKELETAL MUSCLE 24 1729
Rhabdomyosarcoma 1 0.06 1 1.67 1.67


BONE 24 1729


HEART 24 1729
Endocardial Schwannoma, Malignant 4 0.23 1 3.08 3.08


BLOOD VESSEL 24 1729


BONE MARROW 24 1729
Histiocytic Sarcoma 1 0.06 1 0.50 0.50


SPLEEN 24 1729
Hemangiosarcoma 1 0.06 1 1.43 1.43
Lymphosarcoma 1 0.06 1 0.50 0.50







Table 4: Neoplasms/Females (cont’d.)


TOTAL # STUDIES
# ORGANS PERCENT USING THIS MINIMUM MAXIMUM


LOCATION AND TUMOR # STUDIES # LESIONS OF TOTAL DIAGNOSIS % FOUND %FOUND


THYMUS 24 1729
Lymphoma, Malignant 1 0.06 1 2.00 2.00
Thymoma, Benign 5 0.29 4 0.50 2.86
Thymoma, Malignant 5 0.29 4 0.77 1.67


LYMPH NODES 24 1729
Hemangiosarcoma 2 0.12 2 1.67 1.85
Lymphoma, Malignant 1 0.06 1 1.43 1.43


WHOLE BODY/MULTIPLE ORGAN 24 1729
Hemangiosarcoma 1 0.06 1 1.43 1.43
Histiocytic Sarcoma 18 1.04 11 1.67 3.08
Leukemia, Granulocytic 4 0.23 2 1.43 2.73
Leukemia, Mononuclear Cell 1 0.06 1 0.91 0.91
Lymphoma, Malignant 26 1.51 13 1.43 10.00


EYE 24 1729
Amelanotic Melanoma, Benign 1 0.06 1 1.67 1.67
Fibroma 2 0.12 2 1.43 1.43
Squamous Cell Carcinoma 1 0.06 1 1.43 1.43


EAR 24 1729
Pinna, Papilloma 1 0.06 1 1.43 1.43
Zymbal's Gland, Carcinoma 5 0.29 5 1.43 2.00







Table 5: Incidence of Neoplasms by Study for Selected Organs/Males


Study Identification 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23


LIVER 130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


Anaplastic Carcinoma 1


Hepatocellular Adenoma 5 1 1 3 1 2 2 2 1 1 4 3 3 4 1 1 2


Hepatocellular Carcinoma 1 1 1 3 1 1 1 1 4 4 3 1 3 2 3 2


PITUITARY 130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


Adenoma 1 58 28 37 34 30 22 32 38 34 36 34 49 40 25 23 14 21 29 27 36 37 29


Carcinoma 1 1 2 1 2 18 13 3 1


Craniopharyngioma 1


Ganglioneuroma 1


Granular Cell Tumor, Malignant 1


THYROID 130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


C-Cell, Adenoma 13 12 3 11 3 6 5 1 9 10 9 1 1 3 5 3 3 6 5 6 5


C-Cell, Carcinoma 2 8 1 1 1 1 1 1 1 2 2


Follicular Cell, Adenoma 3 2 2 4 1 6 2 6 1 4 1 2 3 1 3


Follicular Cell, Carcinoma 3 1 1 1 2 1 2 2 1 1


ADRENAL 130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


Cortex, Adenoma 5 1 1 2 1 2 4 1 3 2 1 2 3 1 4 2 1


Cortex, Carcinoma 1 1 1 1 1 1 1 1 1 1


Medulla Neoplasm, Benign 18 18 7 11 6 6 9 7 8 8 13 16 10 8 5 9 4 7 8 1 4 4 1


Medulla Neoplasm, Malignant 1 5 1 2 1 2 1 1 2 2 2 1 3 1 1







Table 5: Incidence of Neoplasms by Study for Selected Organs/Males (cont’d)


Study Identification 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23


PANCREAS 130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


Acinar Cell, Adenoma 3 2 8 1 1 3 1 2 1


Acinar Cell, Carcinoma 1 1 1 1 1 2


Islet Cell, Adenoma 8 20 1 6 3 2 2 16 18 7 2 8 5 4 4


Islet Cell, Carcinoma 1 1 1 3 1 1 9 9 7 2 4 7 1


Mixed Adenoma 1


MAMMARY GLAND 130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


Adenoma 1 1 1 1


Adenocarcinoma 2 1 1 1 2


Fibroma 2 1


Fibroadenoma 3 2 1 3 1 2 2 1


Fibrosarcoma 1


Lipoma 1


WHOLE BODY/MULTIPLE
ORGAN


130 115 60 110 54 50 52 50 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60


Hemangioma 1 2


Hemangiosarcoma 1


Histiocytic Sarcoma 1 4 4 2 3 2 3 2 1 1 2 1 1 3 1


Leukemia, Granulocytic 1 1 1 2 1 1 1


Leukemia, Mononuclear Cell 1


Lymphoma, Malignant 4 1 1 3 3 3 4 2 1 1 1 1







Table 6: Incidence of Neoplasms by Study for Selected Organs/Females


Study Identification 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24


LIVER 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


Bile Duct Adenoma 1 3 1 1 1


Hemangiosarcoma 1


Hepatocellular Adenoma 1 3 1 8 2 1 2 2 3 3 1 1 7


Hepatocellular Carcinoma 1 1 1 1 1 1 1


Histiocytic Sarcoma 2


Lymphosarcoma 1


PITUITARY 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


Adenoma 97 83 40 46 41 46 39 43 43 49 52 53 60 47 30 34 13 16 41 39 47 49 38 160


Carcinoma 3 2 3 1 3 1 1 7 4 3 11 8 26 29 8 2 1 4


Ganglioneuroma 1


THYROID 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


C-Cell, Adenoma 9 8 7 8 9 4 3 5 4 7 8 2 2 3 2 5 2 2 4 5 6 5 14


C-Cell, Carcinoma 1 1 1 2 1 2


Follicular Cell, Adenoma 2 2 1 2 1 1 3 1 1 1 1 1 3


Follicular Cell, Carcinoma 1 2 1 1 1 1 3


Ganglioneuroma 1


ADRENAL 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


Cortex, Adenoma 3 2 1 1 16 1 2 2 1 1 1 1 17 3 2 1 3 1 5


Cortex, Carcinoma 2 1 1 2 1 3 1 1


Pheochromocytoma, Benign 2 4 1 2 2 2 2 1 3 4 6 1 2 2 3


Pheochromocytoma, Malignant 2 2 1 5 1 1 1







Table 6: Incidence of Neoplasms by Study for Selected Organs/Females (cont’d)


Study Identification 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24


PANCREAS 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


Acinar Cell, Adenoma 1 2


Acinar Cell, Carcinoma 1


Islet Cell, Adenoma 3 6 1 3 2 4 1 1 6 10 4 1 3 1 1 1 2 9


Islet Cell, Carcinoma 1 1 1 1 2 3 1 2 2 1 4


Leiomyosarcoma 1


MAMMARY GLAND 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


Adenoma 22 10 1 1 1 2 2 2 4 1 16 16 8 8 9 6 4 2 1 29


Adenocarcinoma 37 11 12 19 17 13 15 14 35 6 32 33 21 22 11 15 18 6 14 8 10 41


Carcinosarcoma 1 2 3


Fibroma 7 1


Fibroadenoma 74 58 17 40 27 23 22 30 8 36 33 37 32 18 21 18 23 23 22 14 26 12 17 80


Fibrosarcoma 2 1


Lipoma/Adenolipoma 4 1


Neurofibrosarcoma 1 1


WHOLE BODY/MULTIPLE ORGAN 130 115 60 110 54 50 51 49 60 70 70 70 70 60 50 50 50 50 60 70 60 60 60 200


Hemangiosarcoma 1


Histiocytic Sarcoma 4 1 3 1 1 2 2 1 1 1 1


Leukemia, Granulocytic 3 1


Leukemia, Mononuclear Cell 1


Lymphoma, Malignant 2 5 1 3 2 2 4 1 2 1 1 1 1
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EXECUTIVE SUMMARY 


On October 19, 2005 the Cancer Assessment Review Committee of the Health Effects Division of
the Office of Pesticide Programs met to evaluate the carcinogenic potential of Iodomethane. 


Dr. Elizabeth Méndez of Reregistration Action Branch I presented chronic toxicity/
carcinogenicity studies in Crl:CD®(SD)IGS BR rats and CD-1 mice by: describing the
experimental design; reporting on survival and body weight effects, treatment-related non-
neoplastic and neoplastic lesions, statistical analysis of the tumor data, the adequacy of the dose
levels tested and presenting the weight of the evidence for the carcinogenicity of Iodomethane. 
Dr. Méndez also discussed the toxicology, metabolism and structure activity relationships while
Dr. Nancy McCarroll presented the mutagenicity data.


In the rat combined chronic toxicity/carcinogenicity study Iodomethane (97.9-99.8% a.i.) was
administered to Crl:CD®(SD)IGS BR rats via whole body inhalation at concentrations of 0, 5,
20, or 60 ppm for 6 hours/day 5 days/week for 104 weeks.  Sixty animals/sex/concentration were
exposed to 0, 5, or 20 ppm iodomethane while 70/sex were exposed at the 60 ppm level.  In the
carcinogenicity study in mice, microencapsulated iodomethane was administered in the diet to
groups of 50 male and 50 female Crl:CD®1(ICR) mice at concentrations of 0, 60, 200, or 600
ppm (0, 8, 28, or 84 mg/kg bw/day, respectively, for males and 0, 10, 35, or 100 mg/kg bw/day,
respectively, for females) for 18 months.


Also available for consideration were several mechanistic studies used in support of the proposed
antithyroidal mode of action (MOA) for the thyroid carcinogenic response observed after
iodomethane exposure.


After careful consideration of all the available data, the CARC reached the following conclusions:


Carcinogenicity


Rat


< An increased incidence of thyroid follicular cell tumors was observed in male rats
exposed to 60 ppm iodomethane via the inhalation route. The CARC considered the
thyroid follicular tumors (adenoma driven) at the high dose to be treatment-related since
there were significant positive trends for all three types (adenomas, p<0.01; carcinomas,
p<0.05; combined adenomas/carcinomas, p<0.01), as well as significant differences in the
pair-wise comparisons of the 60 ppm dose group with the controls for adenomas (10/42,
24% , p<0.01, vs 2/45, 4% controls) and combined adenomas and/or carcinomas, (12/42,
29%, p<0.05 vs. 4/45, 9% controls). In addition, the incidences at the high dose exceeded
the historical control ranges for adenomas (1.67-12%) and for carcinomas (0.87-3.85%). 
Females were not affected.  Iodomethane only caused a significant increase in thyroid
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tumors in male rats as commonly observed in classical antithyroidal agents where male rats
are frequently found to be more sensitive to the induction of thyroid follicular cell tumors. 
In keeping with this, TSH levels are typically higher in male rats than in females. 


< Dosing at the high dose in male and female rats was considered to be adequate based on
increased incidences in both sexes of non-neoplastic lesions in the thyroid, nasal cavity,
and salivary glands, decreased body weight (918-20%, p<0.01) and body weight gains
(927-28%, p<0.01) as well as perturbations of thyroid hormone homeostasis (T3, T4, and
TSH).


Mice:


< At the highest dose tested (600 ppm), male mice exhibited a slight increase (6% vs 0 in
control) with a positive trend in the combined incidence of thyroid follicular cell tumors
(adenomas & carcinomas), exceeding the maximum incidence (2%) observed in historical
control data from Charles River Lab (2005) for either tumor type.


– Primarily, the positive trend was driven by the incidence of adenomas (4%) rather
than carcinomas (2%).
– This incidence of thyroid tumors is consistent with perturbations of thyroid
hormone economy.


<A slight increase in the incidence of uterine and cervical fibromas was observed in
female CD-1 mice at 600 ppm.  Although significant positive trends for cervical fibromas
(p<0.05) and combined cervical/uterine fibromas (p<0.01) were reported, the lesions were
not considered to be treatment-related for the following reasons:


– Microscopic in size
– Occurred only at the terminal sacrifice
– Had no precursor lesions (hyperplasia)
– Not found in the rat bioassay and;
– Fibromas, consisting primarily of collagen fibers, have not been associated with
chemical carcinogenicity.
– Moreover, the reproductive tract of female mice of this age occasionally exhibit
these types of lesions.


< Dosing at the high dose in male and female mice was considered to be adequate for this
study based on the increased incidence of non-neoplastic lesions in the thyroid, esophagus,
pharynx, stomach, and pituitary, decreased body weights (96-11%, p<0.01) and body
weight gains (921-92%, p<0.01), as well as changes in serum thyroid/pituitary hormone
levels.  Thyroid hormone homeostasis was impaired in male mice but not females at the
highest dose tested (600 ppm).  T4 was decreased by .30% while TSH was increased by
.91%.


Mutagenicity
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Although the guideline mutagenicity studies submitted by the registrant are negative for
genotoxicity, there is concern that appropriate measures to prevent compound volatilization may
not have been taken.  In particular, re-evaluation of the Bacterial Reverse Gene Mutation test
(MRID 45593813) indicates that this is not a valid test because the study report did not describe
what measures were taken, if any, to keep the test substance “in contact” with the cells.


Numerous studies in the open literature indicate that iodomethane is a methylating agent and
consequently a potential mutagen.  Evidence of this mutagenic potential is available from
numerous in vitro assays and one in vivo assay (e.g., S. typhimurium, E. coli,CHO cells, mouse
lymphoma assay, and an in vivo DNA adduct formation test).  


Although iodomethane has been shown to demonstrate mutagenic potential, it is not considered to
operate through a mutagenic mode of action.  The majority of the neoplastic lesions observed after
iodomethane exposure were benign and were observed at the terminal sacrifice unlike tumors
induced through a mutagenic MOA.  Another aspect that contradicts a mutagenic MOA is that
although DNA adducts are found in multiple organs (e.g., liver, lungs, forestomach) tumors are
only seen in the thyroid in the rodent bioassays.  This is consistent with the observation that in
standard rodent bioassays, no thyroid carcinogen acting by a mutagenic MOA has been identified
that does not induce tumors at multiple sites.  Finally, the lack of a tumorigenic response at the
port-of-entry (respiratory tract) in the Inhalation Combined Chronic/Carcinogenicity study in rats
also demonstrates that mutagenicity is not contributing to the carcinogenic profile of iodomethane
since tumors in the respiratory tract (particularly the nasal cavity) would be expected if
iodomethane were acting through a mutagenic MOA.  


Structure-Activity Relationship


Methyl bromide (MeBr), a monohalogenated methane like iodomethane, was considered with
regards to its SAR to iodomethane.  MeBr was classified as “not likely to be carcinogenic to
humans” based on the lack of tumorigenic response in two rodent bioassays in spite of several
positive mutagenicity assays.  Iodinated glycerol (which contains 3-iodo-1,2-propanediol as its
major component), a close structural analog of iodomethane, is an alkyl iodide with alkylating and
mutagenic activities and has been shown to induce the same type of thyroid tumors as
iodomethane.  However, iodinated glycerol is a multi-target carcinogen (including port of entry)
whereas iodomethane’s carcinogenic effect seems to be confined to the thyroid gland in rodents. 
In contrast, a number of nongenotoxic iodinated compounds with little or no structural similarity
to iodomethane (e.g., amiodarone, potassium iodide) have been shown to elicit similar thyroid
carcinogenic effects as iodomethane suggesting that iodide may be the key common link for the
thyroid activity.


Mode of Action (MOA)
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There is compelling evidence indicating that iodomethane induces thyroid follicular cell tumors
through an antithyroidal MOA.  Although iodomethane has been shown to be mutagenic primarily
in in vitro studies and produced DNA adducts in one study in rats, it is not considered to operate
through a mutagenic MOA.   The weight-of-evidence (WOE) indicates that perturbation of thyroid
homeostasis is the key event in the thyroid tumorigenic response observed after iodomethane
exposure. 


Among the evidence supporting an antithyroidal MOA is the observation that only male rodents
exhibit increases in thyroid tumors.  This is a common response pattern for classical antithyroidal
agents.  In addition, the increases of cell growth in vivo (e.g., increases in thyroid weights and
hyperplasia) progressing to follicular cell tumors were only seen in the presence of thyroid/pituitary
hormone changes (decreased T3 and T4 in conjunction with profound TSH increases) thus
exhibiting a pattern of both dose and temporal concordance.  The fact that iodomethane exposure
leads to a dramatic increase in serum iodide levels coupled with the changes in thyroid/pituitary
hormone levels, thyroid weights, and diffuse follicular cell hyperplasia points to an intrathyroidal
site of action further supported by the fact that excess iodide is widely recognized as a goitrogenic
agent. 


In accordance with the EPA's Final Guidelines for Carcinogen Risk Assessment (March, 2005), the
CARC classified Iodomethane as “Not likely to be Carcinogenic to humans at doses that do
not alter rat thyroid hormone homeostasis.”  The point of departure for the iodomethane long-
term inhalation risk assessment will be based on salivary gland metaplasia, respectively since this
endpoint is approximately 7-fold more sensitive than the thyroid hormone effects and thus health
protective of any non-cancer adverse outcomes that may be related to perturbations in thyroid
hormone homeostasis.  
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I. INTRODUCTION


On October 19th, 2005 the Cancer Assessment Review Committee of the Health Effects Division of
the Office of Pesticide Programs met to evaluate the carcinogenic potential of Iodomethane. 


II.  BACKGROUND INFORMATION
The Health Effects Division (HED) of EPA’s Office of Pesticide Programs has conducted a
preliminary human health risk assessment for the new active ingredient iodomethane, also referred
to as methyl iodide or CH3I.


Empirical Formula: CH3I
Molecular Weight: 141.95
CAS Registry No.: 74-88-4
PC Code: 000011
Chemical Class: Alkyl Iodide


The proposed use of iodomethane is as a pre-plant soil fumigant in strawberry, tomato, peppers,
and ornamental fields (flowers, plants, and bushes).   Iodomethane has been identified as a possible
replacement for methyl bromide (MeBr), a fumigant with numerous registered uses.  Although
iodomethane will be used  as an agricultural pesticide, it is considered a non-food use chemical
since it is quickly degraded or metabolized into non-toxic degradates and subsequently
incorporated into natural plant constituents.  Furthermore, iodomethane residues must dissipate in
the soil prior to planting to prevent phytotoxicity. Accordingly, HED concludes that tolerances are
not required for iodomethane at this time.


The primary exposure pathway for iodomethane is via inhalation. The general public may be
exposed to iodomethane in air because of its volatility following application.  Specifically,
fumigants such as iodomethane can off-gas into air and be transported by diffusion and wind off-
site.  Based on the proposed use patterns, the Agency anticipates exposures would be for short-
and intermediate- terms (i.e., # 6 months).   In addition, the U.S. population may be exposed to
iodomethane through the drinking water.


The pattern of toxicity attributed to iodomethane exposure via the inhalation route includes
developmental toxicity (manifested as fetal losses and decreased live births), histopathology
findings (respiratory tract lesions and salivary gland squamous cell metaplasia ), thyroid toxicity,
neurotoxicity and generalized systemic toxic effects (body weight and body weight gain decreases).


Since iodomethane is a new active ingredient, it has not been previously reviewed by the CARC. 
However, the International Agency for Research on Cancer (IARC, 1999) has concluded that
iodomethane is “not classifiable as to its carcinogenicity to humans.”
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III.  EVALUATION OF CARCINOGENICITY STUDIES


1. Combined Chronic Toxicity/Carcinogenicity Study with Iodomethane in  Rats 


Reference:  A 24-Month Inhalation Combined Chronic Toxicity/Carcinogenicity Study of
Iodomethane in Rats. WIL Research Laboratories, LLC, 1407 George Rd., Ashland, OH.
Study No. WIL-418019, March 29, 2005. MRID 46512401. Unpublished.


A. Experimental Design


Iodomethane (97.9-99.8% a.i.) was administered to Crl:CD®(SD)IGS BR rats via whole body
inhalation at concentrations of 0, 5, 20, or 60 ppm for 6 hours/day 5 days/week for 104 weeks. 
Sixty animals/sex/concentration were exposed to 0, 5, or 20 ppm iodomethane while 70/sex were
exposed at the 60 ppm level.  


B. Discussion of Tumor Data


Male rats had significant trends for thyroid follicular cell adenomas and adenomas and/or
carcinomas combined, both at p < 0.01.  There was also a significant trend for thyroid follicular
cell carcinomas at p < 0.05.  There were significant differences in the pair-wise comparisons of the
60 ppm dose group with the controls for thyroid follicular cell adenomas at p < 0.01 and for
thyroid follicular cell adenomas and/or carcinomas combined at p < 0.05 (Table 1).  The increased
incidence of follicular cell adenoma (24%) at 60 ppm was greater than the historical control
incidence (2.21%) at the test facility (WIL) and the spontaneous incidence range (1.67- 12.0%)
reported by Charles River Laboratories (CRL) for this strain. The increased incidence of follicular
cell carcinoma (10%) in 60 ppm males was not statistically significant compared with concurrent
controls, however, it was greater than the historical control incidence (0.88%) at the test facility
and exceeded the range of spontaneous incidence (0.87-3.85%) reported for this strain by CRL.
No treatment-related increase in incidence of neoplasms was observed in female rats at any dose.
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Table 1. Male Rats: Thyroid Follicular Cell Tumor Rates+ and Exact Trend
Test and Fisher's Exact Test Results. 


Tumor Type Exposure Concentration (ppm)


0 5 20 60


Adenoma
%
p = 


2/45
(4)


0.00065**


2/45
(4)


0.69179


4/49
(8)


0.38018


10a/42
(24)


0.00936**


Carcinoma
%
p = 


2/45
(4)


0.03136*


0/45
(0)


1.0000


0/49
(0)


1.0000


4b/42
(10)


0.30563


Combined
%
p =


4/45
(9)


0.00045**


2/45
(4)


0.89861


4/49
(8)


0.68982


12c/42
(29)


0.01745*


+Number of tumor bearing animals/Number of animals examined, excluding those that died or were sacrificed
before week 53.


aFirst adenoma observed at week 59, dose 60 ppm.
bFirst carcinoma observed at week 90, dose 60 ppm.
cTwo animals in the 60 ppm dose group had both an adenoma and a carcinoma.


Note: Interim sacrifice animals have been excluded from this analysis.  Three interim sacrifice animals
in the 60 ppm dose group had an adenoma. 
Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted at dose level.
If *, then p < 0.05.  If **, then p < 0.01.


C. Non-Neoplastic Lesions


Histopathologic lesions are presented in Tables 2 (interim sacrifice), 3 (thyroid gland, main study),
4 (nasal cavity, main study), and 5 (salivary gland, main study).  The incidences of several thyroid
gland lesions were increased primarily in 60 ppm males at 52 weeks, and the incidences of nasal
cavity and salivary gland lesions were increased in 60 ppm male and female rats at 52 weeks.  In
the main study, there were treatment-related increases in the  incidence and severity of thyroid
lesions, seen primarily in 60 ppm males, which is consistent with gross pathology (enlarged
thyroid), organ weight (increased weight), and other histopathologic data (increased incidence of
neoplastic lesions). There was increased severity and/or incidence of follicular cell hyperplasia,
follicular cyst, cytoplasmic vacuolation, follicular-cystic hyperplasia and ultimobranchial cyst. The
incidence of follicular cell hyperplasia was also increased in 60 ppm females; increased incidence of
ultimobranchial cyst was observed at 20 and 60 ppm in females. Follicular cell hyperplasia is
consistent with the elevated levels of TSH in these animals.
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Treatment-related changes in the olfactory epithelium along the dorsal aspects of the turbinates and
septum, which was evident from epithelium degeneration and the formation of epithelial cysts,
were seen in 60 ppm males and females (Table 4).  These lesions were found in levels III-VI of the
olfactory epithelium.  The investigator reported that the overall incidence of olfactory epithelium
degeneration was 90% for males and 75% for females after 1 year and 100% for both sexes after 2
years.


Treatment-related effects were also seen in salivary glands in all treatment groups in both sexes
(Table 5). An increased incidence of squamous cell metaplasia, primarily at 20 and 60 ppm and
atrophy, most extensive at 60 ppm, was observed.


TABLE 2. Non-neoplastic lesions in thyroid from rats exposed to Iodomethane by inhalation – interim studya


Organ/lesion
Exposure concentration (ppm)


0 5 20 60 0 5 20 60


Males Females


No. examined 10 10 10 20 10 10b 10 20


Thyroid gland


Follicular cell hyperplasia
Follicular cyst
Cytoplasmic. vacuolation
Follicular cyst hyperplasia
Ultimobranchial cyst


0
0
0
0
3


1
0
1
0
2


1
0
0
0
4


8
3
8
2


13


0
0
0
0
6


0
0
0
0
4


0
0
0
0
3


2
0
0
0


10


Nasal Cavity


Level III
Olfactory epithelial degen.
Olfactory epithelial cyst


0
0


0
0


0
0


13
11


0
0


0
0


0
0


1
3


Level IV
Olfactory epithelial degen.
Olfactory epithelial cyst


0
0


0
0


0
0


15
11


0
0


1
0


1
1


6
10


Level V
Olfactory epithelial degen.
Olfactory epithelial cyst


0
0


0
0


1
0


18
14


0
0


0
0


0
0


15
15


Level VI
Olfactory epithelial. degen.
Olfactory epithelial cyst


0
0


0
0


0
0


16
5


0
0


0
0


0
0


8
8


Salivary gland


Squamous metaplasia.
Atrophy


0
0


0
0


3
0


16
8


0
0


0
0


3
0


18
1


Data obtained from pages 553-596 of MRID 46512401
a Values are number of animals
bSalivary gland examined in only 9 females at 5 ppm.
Statistical analyses not reported
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TABLE 3. Non-neoplastic lesions in thyroid from rats exposed to Iodomethane by inhalation – main studya


Severity
Exposure concentration (ppm)


0 5 20 60 0 5 20 60


Males Females


No. examined 50 50 50 50 50 49 50 50


Follicular cell hyperplasia


Minimal
Mild
Moderate
Total


0
0
0 
0


0
1
0


1 (2.00)b


0
0
0
0


9
3
1


13 (1.38)


0
0
0
0


1
1
0


2 (1.50)


1
0
0


1 (1.00)


6
3
1


10 (1.50)


Follicular cyst


Minimal
Mild
Moderate
Total


0
0
1


1 (3.00)


1
3
0


 4 (1.75)


0
3
1


4 (2.25)


0
5
0


5 (2.00)


0
1
0


1 (2.00)


0
2
0


2 (2.00)


0
1
0


1 (2.00)


0
1
0


1 (2.00)


Cytoplasmic vacuolation


Minimal
Mild
Total


0
0
0


0
0
0


0
0
0


5
3


8 (1.38)


0
0
0


1
0


1 (1.00)


0
0
0


1
0


1 (1.00)


Follicular, cystic hyperplasia


Minimal
Mild
Moderate
Severe
Total


0
1
0
0


1 (2.00)


1
3
1
0


5 (2.00)


0
0
3
1


4 (3.25)


1
4
1
0


6 (2.00)


0
0
0
0
0


2
0
1
0


3 (1.67)


2
0
0
0


2 (1.00)


0
2
0
0


2 (2.00)


Ultimobranchial cyst


Minimal
Mild
Moderate
Total


4
2
0


6 (1.33)


6
2
0


8 (1.25)


6
0
1


7 (1.29)


11
2
2


15 (1.40)


7
1
0


8 (1.13)


6
6
0


12 (1.50)


13
7
0


20 (1.35)


11
5
0


16 (1.31)


Data obtained from page 499-544 and 597-632 of MRID 46512401
a Values are number of animals
b Average severity score for animals with lesions: 1 = minimal, 2 = mild, 3 = moderate, 4 = severe
Statistical analyses not reported
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TABLE 4. Non-neoplastic lesions in nasal level III-VI in rats exposed to Iodomethane by inhalationa


Severity
Exposure concentration (ppm)


0 5 20 60 0 5 20 60


Males Females


No. examined 50 50 50 50 49 50 50 50


Olfactory epithelium degeneration (level III)


Minimal
Mild
Moderate
Total


0
0
0
0


0
0
0
0


1
0
0


1 (1.00)


18
5
5


28 (1.54)


0
0
0
0


0
0
0
0


4
0
0


4 (1.00)


16
2
1


19 (1.21)


Olfactory epithelium cyst (level III)


Minimal
Mild
Total


0
0
0


0
1


1 (2.00)


0
0
0


5
0


5 (1.00)


0
0
0


0
0
0


0
0
0


5
1


6 (1.17)


Olfactory epithelium degeneration (level IV)


Minimal
Mild
Moderate
Severe
Total


0
0
0
0
0


2
0
0
0


2 (1.00)


4
0
0
0


4 (1.00)


22
14
7
1


44 (1.70)


0
0
0
0
0


0
0
0
0
0


2
1
0
0


3 (1.33)


20
9
7
1


37 (1.70)


Olfactory epithelium cyst (level IV)


Minimal
Mild
Total


0
0
0


0
0
0


0
0
0


10
0


10 (1.00)


1
0


1 (1.00)


0
0
0


0
0
0


8
0


8 (1.00)


Olfactory epithelium degeneration (level V)


Minimal
Mild
Moderate
Severe
Total


0
0
0
0
0


1
0
0
0


1 (1.00)


3
0
0
0


3 (1.00)


17
18
7
3


45 (1.91)


0
0
0
0
0


0
0
0
0
0


3
1
0
0


4 (1.25)


17
18
6
4


45 (1.93)


Olfactory epithelium cyst (level V)


Minimal
Mild
Total


0
0
0


0
0
0


0
0
0


17
4


21 (1.19)


0
0
0


0
0
0


1
0


1 (1.00)


20
0


20 (1.00)


Olfactory epithelium degeneration (level VI)


Minimal
Mild
Moderate
Severe
Total


1
0
0
0


1 (1.00)


0
0
0
0
0


2
1
0
0


3 (1.33)


7
21
8
2


38 (2.13)


0
0
0
0
0


0
0
0
0
0


1
1
0
0


2 (1.50)


17
17
7
2


43 (1.86)


Olfactory epithelium cyst (level VI)


Minimal
Mild
Total


0
0
0


0
0
0


0
0
0


13
1


14 (1.07)


0
0
0


0
0
0


0
0
0


20
0


20 (1.00)


Data obtained from pages 499-544 and 597-632 of MRID 46512401
a Values are number of animals
Statistical analyses not reported
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TABLE 5.  Non-neoplastic lesions in salivary glands from rats exposed to Iodomethane by inhalationa 


Severity
Exposure concentration (ppm)


0 5 20 60 0 5 20 60


Males Females


No. examined 50 49 49 50 50 50 50 50


Squamous metaplasia


Minimal
Mild
Moderate
Total


1
0
0


1 (1.00)


3
1
0


4 (1.25)


20
2
0


22 (1.09)


22
25
0


47 (1.53)


0
0
0
0


1
2
0


3 (1.67)


16
6
0


22 (1.27)


29
9
2


40 (1.33)


Atrophy


Minimal
Mild
Moderate
Total


0
0
0
0


2
3
0


5 (1.60)


2
2
0


4 (1.50)


11
3
0


14 (1.40)


0
0
0
0


2
0
0


2 (1.00)


2
3
0


5 (1.60)


8
1
0


9 (1.11)


Data obtained from pages 499-544 and 597-632 of MRID 46512401
a Values are number of animals
Statistical analyses not reported


D. Adequacy of the Dosing for Assessment of Carcinogenicity


Though survival was low (34-38% for control and 60 ppm males and females, 46-48% for the
other groups), it did not appear to be affected by exposure to the test article since the high-dose
and control groups had comparable mortality rates.  In addition to the histopathology findings
described above, iodomethane exposure led to decreases in body weight(918-20%) and body
weight gains (927-28%) in both sexes.  Iodomethane exposure at a concentration of 60 ppm also
elicited significant perturbations of thyroid hormone homeostasis  as evidenced by the decreases in
T3 serum levels (911-34%) and the sustained increases in TSH and rT3 (8305-1141% and 111-
133%, respectively).  Interestingly, changes in T4 serum levels were inconsistent decreasing by
56% on week 26, increasing by 34% on week 52, and being comparable to control during the
week 104 evaluation.  A similar pattern of effects was noted in females at the highest concentration
tested.  However, in general, the magnitude of the changes in serum hormone levels was not as
robust as in the case of males (T3:911-27%, TSH:858-634%, rT3: 890-380%) particularly for
TSH.  The CARC considered dosing at the high dose in both sexes to be adequate for the
assessment of carcinogenicity of iodomethane.
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2. Carcinogenicity Study in Mice


Reference: An 18 month dietary carcinogenicity study of miroencapsulated iodomethane in mice. 
WIL Research Laboratories, LLC, 1407 George Road, Ashland, OH 44805, Project ID. WIL-
418025.  June 24, 2005.  MRID 46582801. Unpublished.


A Pathology Working Group (PWG) Peer Review of proliferative lesions reported in the uterus
and cervix.  Supplemental to Vol. 118: An 18-month carcinogenicity study of microencapsulated
iodomethane in female CD-1 mice.  Experimental Pathology Laboratories, Inc., P.O. Box 12766,
Research Triangle Park, NC 27709, Project ID No. 758-011.  June 23, 2005. MRID 46582802. 
Unpublished


A. Experimental Design


Microencapsulated iodomethane  (batch/lot #: 20-379, 20-380, 20-386, 20-728, 20-430, 20-442,
20-443, 20-454, 20-456, 20-481, 20-483, 20-490, 20-496, 20-500, 20-517, 20-525, 20-528) was
administered in the diet to groups of 50 male and 50 female Crl:CD®1(ICR) mice at
concentrations of 0, 60, 200, or 600 ppm (0, 8, 28, or 84 mg/kg bw/day, respectively, for males
and 0, 10, 35, or 100 mg/kg bw/day, respectively, for females) for 18 months.


B. Discussion of Tumor Data


As shown in Table 6, an increase in the incidence of thyroid follicular cell adenoma/carcinoma
combined in high-dose male mice was noted; the incidence was 0%, 0%, 2%, and 6% in the
control, low-, mid-, and high-dose groups, respectively.  Follicular cell adenoma in mice are rare
and occurred in none of the historical controls from the performing laboratory. 


In the case of the increased incidence of fibromas seen in the uterus and cervix, two PWGs were
convened  to further evaluate the female reproductive tract findings (Drs. Marion Copley and John
Pletcher attended these meetings). The reviews consisted of re-examination of all sections of the
ovary, uterus, and cervix containing lesions initially diagnosed as histiocytic sarcoma as well as
other proliferative mesenchymal lesions in the uterus and/or cervix, and re-examination of lesions
in which a different diagnosis was presented by the study pathologist and reviewing pathologists. 
Additional sections from wet tissues and paraffin blocks were examined after staining with
hematoxylin, eosin, and PAS to investigate proliferative granular cell lesions.  Sections were
stained immunohistochemically for S100 protein, Actin, and Desmin and histochemically with a
Trichrome stain to identify collagen and muscle fibers in tissues.  The PWG also re-examined
lesions diagnosed as granular cell tumors, leiomyoma, leiomyosarcoma, and endometrial stromal
sarcoma.  The lesions were classified according to the criteria and nomenclature approved by the
Society of Toxicologic Pathology (STP) and the International Agency on Research in Cancer
(IARC).  The PWGs concluded that the lesions evaluated were not treatment related since they
occurred only in animals sacrificed at study termination, were microscopic in size, had no







IODOMETHANE CANCER ASSESSMENT DOCUMENT FINAL


13


precursor lesion (hyperplasia), and were not found in rats treated with iodomethane for 2 years. 
The slight increase in benign fibrous tumors (fibromas) in the uterus/cervix of the 600 ppm females
was considered incidental.  Such tumors, consisting primarily of collagen fibers, have not been
associated with chemical carcinogenicity.  In Table 7, there were statistically significant trends for
cervix adenomas (p<0.05) and combined cervix adenomas and uterine fibromas (p<0.01).  No
statistically significant pair-wise comparisons with controls were noted.


Table 6. Male Thyroid Follicular Cell Tumor Rates+ and ad hoc Fisher’s Exact Test
and Exact Test for Trend Test Results


Tumor Type Dose (mg/kg/day)


0 8 28 84


Adenomas
%
p = 


0/50
(0)


0.05969


0/50
(0)


1.00000


1/50
(2)


0.50000


2/49
(4)


0.24242


Carcinomas
%
p = 


0/50
(0)


0.1841


0/50
(0)


1.00000


1/50
(2)


0.50000


1/49
(2)


0.49495


Combined
%
p =


0/50
(0)


0.01787*


0/50
(0)


1.00000


1/50
(2)


0.50000


3/49
(6)


0.11746


+Number of tumor bearing animals/Number of animals examined.
Note: Significance of trend denoted at control.


Significance of pair-wise comparison with control denoted at dose level.
If *, then p < 0.05.  If **, then p < 0.01.
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Table 7.  Female Cervix and Uterine Tumor Rates+ and ad hoc Fisher’s Exact Test and
Exact Test for Trend Test Results


Tumor Type Dose (mg/kg/day)


0 10 35 100


Cervix Fibromas
%
p = 


0/49
(0)


0.03575*


1/50
(2)


0.50505


0/47
(0)


1.00000


3/50
(6)


0.12496


Uterine Fibromas
%
p = 


0/50
(0)


0.3128


1/50
(2)


0.50000


0/50
(0)


1.00000


1/50
(2)


0.50000


Combined
%
p =


0/50
(0)


0.00992**


1/50
(2)


0.50000


0/50
(0)


1.00000


4/50
(8)


0.05873


+Number of tumor bearing animals/Number of animals examined.


Note: Significance of trend denoted at control.
Significance of pair-wise comparison with control denoted at dose level.
If *, then p < 0.05.  If **, then p < 0.01.


C. Non-Neoplastic Lesions


Notable non-neoplastic lesions are presented in Table 8.  Administration of iodomethane primarily
affected the thyroid gland, pharynx, esophagus, and nonglandular stomach, in both sexes.  The
incidence of hyperkeratosis in the esophagus, pharynx, and stomach was significantly increased in
both sexes at doses $200 ppm, females in the 60 ppm group also exhibited a statistically significant
increase in the incidence of hyperkeratosis in the esophagus.  Hyperkeratosis in the esophagus,
pharynx, and nonglandular stomach was seen in 23-64% of mid-dose males, 33-68% of mid-dose
females, 53-78% of high-dose males, and 62-90% of high-dose females.  Incidences were 1-10%,
control males and 0-38% in control females.  The incidence of hyperkeratosis in the esophagus of
low-dose females was 10%.  The incidences of epithelial hyperplasia in the esophagus in high-dose
male mice and hyperkeratosis in the pharynx in low-dose female mice were increased but not
significantly compared with control incidences.  The severity of the lesions in the esophagus,
pharynx, and stomach did not show a clear dose-related trend in either sex.  The incidence of
basophil hypertrophy in the pituitary was significantly increased at all doses in females (61-70%). 
The severity of the lesion was minimal in almost all animals.  The incidence of basophil
hypertrophy showed no clear dose-related trend.


The thyroid gland was the primary target of iodomethane in male and female mice.  Both sexes had
significantly increased incidences of cytoplasmic vacuolation of follicular epithelial cells (24-44% in
males and 24-30% in females vs 0 control) and increased colloid in the follicular epithelial cells
(56-88% in males and 62-72% in females) at all dose levels compared with control incidences of
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0% for cytoplasmic vacuolation and 6% and 16% for increased colloid in control males and
females, respectively.  Female mice at all dose levels and high-dose male mice had a significantly
increased incidence of follicular cell hyperplasia (44-52% in females and 12% in males compared
with 0-2% in controls).  The incidence of hyperplasia of follicular epithelial cells (referred to as
hyperplasia) was significantly increased in high-dose male mice as well as in mid- and high-dose
females, ( not statistically significant).  Increased colloid and follicular cell hyperplasia in male mice
were the only thyroid gland lesions that showed clear dose-related trends; nevertheless, all the
thyroid gland lesions are considered treatment related.  The severity of the lesions was generally
increased in treated mice compared with controls, but no clear dose-related trend was observed.


TABLE 8.  Microscopic lesions in male and female mice receiving microencapsulated iodomethane for 78
weeks


Organ/lesion Dietary concentration (ppm)


0 60 200 600


Males


Esophagus [No. examined]
Hyperkeratosis
Epithelial hyperplasia


[50]
3 (1.00)a


0


[50]
4 (1.25)
0


[50]
28** (1.11)
0


[49]
38** (1.18)
4 (1.00)


Pharynx [No. examined]
Hyperkeratosis


[50]
1 (2.00)


[50]
3 (1.00)


[48]
11** (1.00)


[49]
26** (1.08)


Stomach, nonglandular [No. examined]
Hyperkeratosis


[49]
5 (1.00)


[50]
11 (1.09)


[50]
32** (1.06)


[49]
38** (1.16)


Thyroid gland [No. examined]
Cytoplasmic vacuolation
Increased colloid
Hyperplasia of follicular epithelial 


cells
Follicular cell hyperplasia


[50]
0
3 (1.00)
0
0


[50]
12** (1.25)
28** (1.43)
4 (1.50)
1 (1.00)


[50]
22** (1.09)
37** (1.38)
2 (1.50)
3 (1.00)


[49]
15** (1.13)
44** (1.48)
8** (1.13)
6* (1.00)


Females


Esophagus [No. examined]
Hyperkeratosis


[50]
0


[50]
5* (1.00)


[50]
27** (1.00)


[50]
45** (1.13)


Pharynx [No. examined]
Hyperkeratosis


[49]
1 (1.00)


[50]
5 (1.00)


[49]
16** (1.06)


[50]
31** (1.16)


Pituitary [No. examined]
Basophil hypertrophy


[48]
 13 (1.15)


[49]
30** (1.00)


[49]
28** (1.00)


[50]
35** (1.03)


Stomach, nonglandular [No. examined]
Hyperkeratosis


[50]
19 (1.11)


[50]
20 (1.15)


[50]
34** (1.06)


[50]
36** (1.14)
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Thyroid gland [No. examined]
Cytoplasmic vacuolation
Increased colloid
Hyperplasia of follicular epithelial


cells
Follicular cell hyperplasia


[50]
0
8 (1.13)
1 (1.00)
1 (1.00)


[50]
15** (1.00)
35** (1.17)
2 (1.50)
25** (1.28)


[50]
14** (1.21)
31** (1.29)
5 (1.00)
22** (1.27)


[50]
12** (1.08)
36** (1.33)
5 (1.00)
26** (1.19)


Data taken from Tables 55 (pp. 445-484) and 57 (pp. 489-531), MRID 46582801.
aaverage severity of the animals with lesions, calculated by the reviewer: 1 = minimal, 2 = mild, 3 = moderate.
*p#0.05, **p#0.01, statistically significant


D. Adequacy of Dosing for Assessment of Carcinogenicity


Dosing was considered adequate for this study based on decreased body weight (96-11%, p< 0.01)
and weight gain (921-92%, p<0.01), induction of non-neoplastic lesions in the thyroid, pharynx,
esophagus, stomach, and pituitary gland, as well as the changes in serum hormone levels (TSH and
T4).


IV.  TOXICOLOGY


1. Metabolism 


A rat metabolism study comparing absorption after oral and inhalation administration is available. 
Sprague-Dawley rats were orally dosed or exposed via inhalation with [14C] CH3I.  Maximum
blood concentrations were achieved within 4 hours (oral) and 0-2 hours (inhalation), and were
proportional to dose/concentration.  Initial t½ was 5.1-7.2 hours, and terminal  t½ was 116-136
hours.  Radioactivity recovery was low in the main test due to inefficient CO2 trapping.  Overall
recovery in the supplementary test was increased due to increased recovery of carbon dioxide. 
Recovered radioactivity was primarily as CO2 (39.40-60.81% dose) and in the urine (26.50-
33.40% dose) in all treated groups, while feces accounted for <2% dose.  Radioactivity remained
in the carcasses (11.92-14.39% dose) of all treated animals 168 hours following treatment in the
main test. Elimination  t½ were 17.8-22.3 hours for urine and 29.7-38.0 hours for feces in all
treatment groups of the main test.  The elimination  t½ was 5.8-6.8 hours for CO2 in all treatment
groups of the supplementary test.  These half-lives, however, are measured on the basis of the 14C
radiolabel and may not accurately reflect the amount of iodomethane or iodide remaining in the
body since the methyl and iodide moieties of iodomethane are expected to quickly dissociate after
administration.  
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At 0-1 hour post-treatment in orally treated rats and 233 ppm inhalation exposed rats, relatively
high levels of radioactivity were observed in the liver and GI tract.  Radioactivity was relatively
high in the kidney, lung, and nasal turbinates of the 25 ppm inhalation exposed rats and in the
kidney, thyroid, and lung of the 233 ppm inhalation exposed rats.  At 6 hours post-oral dosing,
tissue concentrations increased in the spleen (at 1.5 mg/kg only), kidney, brain, thyroid, lung, nasal
turbinates, and fat (at 1.5 mg/kg only).  Tissue concentrations decreased in all tissues of the
inhalation exposed rats at 6 hours after exposure.  At 168 hours post-dose, radioactivity had
declined in all tissues and was highest in the kidney, liver, and thyroid. The data in this study
indicate that iodomethane is quickly absorbed through both routes of exposure (maximum blood
concentration at 2-4 hours).  In contrast, the elimination profile indicates that excretion of 14C-
labeled iodomethane is biphasic with the initial half-life of 5-7 hours and a terminal half-life of
approximately 116-136 hours.  Radioactivity accumulates in a variety of tissues including the
thyroid (radioactivity concentration of 106-198 :g/g tissue).


Since inorganic iodide levels in the serum have been implicated in the MOA proposed by the
registrant for both the rabbit fetal losses and the rat thyroid tumorigenesis, serum inorganic iodide
concentrations were measured in several studies including a 2 Day Inhalation Toxicity Study in rats
exposed to 0, 25, or 100 ppm iodomethane for 6 hours/day. Serum sample in this study were
collected at 0, 1, 3, 6, 9, 24, 25, 27, 30, 33 , and 48 hours.  Inorganic iodide increased dramatically
during the exposure period at the 25 and 100 ppm concentrations (8.300-1400X and 1300-
3500X, respectively).  Forty eight hours after iodomethane exposure inorganic iodide serum
concentrations were still 53X and 321X higher than controls.  In general, serum iodide
concentrations exhibited a biphasic pattern with peaks occurring at approximately 3-9 hours and at
30-33 hours of exposure.  A similar pattern of iodide disposition was observed in a MOA study in
rabbits designed to further characterize the fetal losses seen in various Developmental Toxicity
Studies in rabbits.  Additional information on these experiments is provided on the Mode of Action
section of this document.


Also available is a series of in vitro studies designed to determine partition coefficients for rat and
rabbit tissues, rabbit fetal and maternal blood, and human blood.  Overall, the partition coefficients
for rat and rabbit tissues (brain, fat, kidney, muscle, and nasal tissue) were similar.  Some species-
dependent variability in partition coefficients was detected.  Specifically, the partition coefficient
for rabbit thyroid gland tissue was 3-fold greater than that for rats (39:11) and the partition
coefficient for rat liver tissue was 2-fold greater (24:13) than that for rabbit.  The partition
coefficients for rat, rabbit and human blood were 39, 16, and 18, respectively.  Partition
coefficients for male and female human blood were similar and partition coefficients for rabbit
maternal and fetal blood were similar (12:16).  These data were collected to provide critical
information for the development of a computational fluid dynamics PB-PK model for use in risk
assessment for iodomethane. 


2. Mutagenicity
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With the exception of a positive finding in the In Vitro Chromosomal Aberration in Chinese
Hamster Ovary Assay, all guideline mutagenicity studies submitted by the registrant were negative
for mutagenicity.  However, there are numerous reports in the peer-reviewed literature that
indicate methyl iodide is mutagenic in a variety of in vitro and in vivo assays.  Given that
iodomethane is highly volatile, it is possible that the guideline studies were negative because the
compound was not “in contact” with the cells for a sufficient period of time to cause its mutagenic
effect.


(i) In an Ames assay, when tested in Salmonella typhimurium strains TA98, TA100, TA1535,
and TA1537; and in Escherichi coli at concentrations ranging from 0.015-5000 µg/plate
iodomethane was non mutagenic with or without metabolic activation (MRID No. 45593813).


(ii) In an In vitro Chromosomal Aberrations in Chinese Hamster Ovary Cells Assay,
iodomethane was positive for structural chromosome aberrations (clastogenesis) but negative
for induction of numerical aberrations at exposures concentrations ranging from 25-350 µg/mL
(MRID No. 45593815).


(iii) In an In Vitro Mammalian Cell Mutation Test in Chinese Hamster Ovary Cells, iodomethane
was negative for increases in mutant colonies (with or without metabolic activation) at exposure
concentrations ranging from 100-600 µg/mL (MRID 45593815).


(iv) In a micronucleus test, no increases in micronuclei was seen following a single
intraperitoneal injection at doses of 25, 50, or 100 mg/kg (MRID No. 45593816).


(v) Several 005366 studies are available in the peer reviewed literature (see Review of
Iodomethane Mutagenicity Studies, TXR 0053665).  In general, these studies provide
compelling evidence of the mutagenic potential of iodomethane.


– Based on a revisit of the mutagenicity studies submitted by the Registrant and an independent
assessment of the data from the open literature, HED concludes that:


C Due to the volatility of CH3I at 42°C, the bacterial reverse gene mutation test (OPPTS
870.5100 (§84-2)]) submitted by the Registrant (MRID 45593813) is not a valid study and
is unacceptable because the provisions claimed by TSG were not included in the Final
Report and, therefore, could not be verified.


C There is convincing evidence that CH3I is mutagenic in somatic cells (producing multiple
effects, such as gene mutations and chromosomal aberrations) from a diverse range of
phylogenetically distinct species such as bacteria, yeast, and  mammalian cells but only if
steps are taken to contain the  test substance (e.g., performing the assay in a desiccator,
performing the assay  on cultures in suspension, or using sealed petri dishes; if a filter disc
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is used, it must be impregnated and placed on top of the agar).  


C  There is convincing evidence that CH3I is DNA reactive, binds to, or damages DNA
from multiple test systems including DNA damage in bacteria, in vitro and in vivo DNA
adduct formation. 


C  There are positive results from at least one whole animal genetic toxicology assay (i.e,
DNA adduct formation in the liver, lung, stomach and forestomach of male and female
F344 rats exposed either via the oral or inhalation routes) which suggests that CH3I has a
systemic genotoxic effect.
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H H


H


Br


Iodinated
glycerol


3. Structure-Activity Relationship 


Methyl bromide has been classified as “not likely to be carcinogenic to humans” based on the lack
of carcinogenic response in the Combined Chronic/Carcinogenicity Study in rats and the
Carcinogenicity Study in Mice although there was evidence of mutagenicity in several guideline
mutagenicity studies. 


CAS No. 74-83-9


Methyl chloride has been classified by the Agency as well as the International Agency for
Research on Cancer (IARC) “not classifiable as to its human carcinogenicity.”  However, weak to
moderate mutagenicity has been demonstrated in S. typhimurium (albeit at high concentrations),
and an increased incidence of tumor formation (benign and malignant) in B3C6F1 male mouse
kidneys at doses of 225 and 1000 ppm does provide some suggestive information of carcinogenic
risk, although no renal tumors were found in female mice or in either sex of rats tested in the same
study.


Iodinated glycerol (which contains 3-iodo-1,2-propanediol as its major component), a close
structural analog of iodomethane, is also an alkyl iodide with alkylating and mutagenic activities
and has been shown to induce the same type of thyroid tumors as iodomethane.  However,
iodinated glycerol is a multi-target carcinogen (including port of entry) whereas iodomethane’s
carcinogenic effect seems to be confined to the thyroid gland in rodents.  In contrast, a number of
nongenotoxic iodinated compounds with little or no structural similarity to iodomethane (e.g.,
amiodarone, potassium iodide) have been shown to elicit similar thyroid carcinogenic effects as
iodomethane suggesting that iodide may be the key common link for the thyroid activity.


 


Amiodarone


4.  Subchronic and Chronic Toxicity
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a) Subchronic Toxicity


In a subchronic inhalation toxicity study (MRID 45593810), rats were dynamically exposed to
iodomethane vapor for 6 hours/day, 5 days/week for 13 weeks at analytical concentrations of 0, 5,
21, or 70 ppm (0, 0.029, 0.12, or 0.41 mg/L/day).  There were no effects on mortality,
ophthalmology, urinalysis, hematology, organ weights, or gross pathology.  The NOAEL is 21
ppm (0.12 mg/L/day), and the LOAEL is 70 ppm (0.41 mg/L/day) based on initial decreases in
body weights, body weight gains, and food consumption (males); and nasal degeneration. 
Respiratory irritation was observed at the interim (4 weeks) and terminal sacrifices.  Microscopic
findings indicated minimal to mild  degeneration/regeneration of the nasal tissues characterized by
subacute inflammation, respiratory epithelial metaplasia, degeneration, goblet cell hypertrophy,
squamous cell hyperplasia, and minimal alveolar macrophages (females only).  Notably, no effects
on thyroid histopathology were observed during this study (thyroid hormone levels were not
measured).


b) Chronic Toxicity


A Chronic Toxicity Study in dogs is not available for iodomethane.  Thus the only studies that
evaluate the potential impact of chronic exposure to iodomethane are the Inhalation Combined
Chronic Toxicity/Carcinogenicity in Rats and the Dietary Carcinogenicity Study in Mice.  The
executive summaries on non-neoplastic findings for these two studies follow:


(i) EXECUTIVE SUMMARY for Chronic Toxicity in Rats: Details are discussed in Section III.


The systemic LOAEL for iodomethane in rats is 20 ppm based on increased incidence of
salivary gland squamous cell metaplasia.  The NOAEL is 5 ppm.  The port-of-entry LOAEL
is 60 ppm based on increased incidence of olfactory epithelium degeneration and cysts.  The
NOAEL is 20 ppm.


(ii)  EXECUTIVE SUMMARY for Carcinogenicity Study in Mice: Details are discussed in section
III.


The LOAEL for microencapsulated iodomethane in mice is 60 ppm (8 and 10 mg/kg bw/day
for males and females, respectively) based on histopathologic findings in the thyroid gland
(cytoplasmic vacuolation and increased colloid) in both sexes, and hyperkeratosis in the
esophagus of females.  The NOAEL was not established.


c) Open Literature







IODOMETHANE CANCER ASSESSMENT DOCUMENT FINAL


1  Poirier, LA et al., (1975) “Bioassay of Alkyl Halides and Nucleotide Base Analogs by Pulmonary
Tumor Response in Strain A Mice” Cancer Res. 35:1411-1415


2  Pisarev MA, Gartner R (2000).  Autoregulatory actions of iodine. In: Braverman LE, Utiger RD eds.
Werner and Ingbar’s the thyroid: A fundamental and clinical text.  Pp 85-90


22


In addition to the guideline studies, the committee discussed two rodent bioassays from the open
literature.  In the first study, strain A mice were exposed once weekly to 0, 0.06, 0.15, or 0.31
nmoles/kg mouse of iodomethane via intraperitoneal injection (an exposure pathway not relevant
for the iodomethane risk assessment) for 24 weeks.  A slight increase in the average number of
lung tumors/mice was reported at the highest dose tested (0.55 vs 0.28).  It is important to note,
however, that this is a multiplicity model rather than an incidence model since the strain is prone to
developing lung tumors in the absence of any carcinogen.  Shimkin and Stoner - developers of this
assay - have set forth criteria for interpretation of lung tumor data in the strain A mouse.  The first
criterion is that lung tumor multiplicity must be statistically significant higher than in control and
preferably higher than 1.1  In the case of iodomethane, the increased incidence was statistically
significant at the 0.05 level but was not higher than 1.  Thus under the conditions of this assay,
iodomethane may be classified as a weak carcinogen.  In the second study obtained from the
literature, 535-DB strain rats received a weekly dose of 10 or 20 mg/kg iodomethane via
subcutaneous injection (an exposure pathway not relevant for the iodomethane risk assessment). 
These rats developed local sarcomas which occasionally metastasized into the lungs and lymph
nodes. However, the study had to be terminated earlier than expected since necrosis frequently
occurred at the injection site.   It is important to note that when the compound was administered
via the oral route or intravenous injections no tumors developed.  Thus it appears that the
carcinogenic response is weak given the induction time needed to elicit the tumorigenic response
and limited to the port-of-entry.


5.  Mode of Action Studies


Though mechanistic studies specifically designed to elucidate the mode of action (MOA) leading to
thyroid tumorigenesis are not available, there are numerous studies that indicate perturbation of
thyroid hormone homeostasis is a critical effect of iodomethane exposure.  Alterations in serum T3,
T4, and TSH levels have been seen in several studies in  rats, mice, and rabbits.


The registrant, Arysta, has proposed perturbations of thyroid hormone homeostasis as the MOA
operative in the thyroid tumorigenic response to iodomethane exposure, implicating the elevated
serum levels of inorganic iodide as a critical element in the proposed MOA.  Iodide excess inhibits
the iodination of thyroglobulin in the thyroid gland as well as the release of T4 and T3 from the
gland.2  Both effects could lead to an increase in TSH levels.  If sustained, this increase in TSH
levels can result in thyroid cell hypertrophy, hyperplasia, and eventually tumor formation. 
Consequently, excess iodide has been linked to the development of antithyroidal activity and







IODOMETHANE CANCER ASSESSMENT DOCUMENT FINAL


3  USEPA (1998) Assessment of Thyroid Follicular Cell Tumors Office of Research and Development,
Risk Assessment Forum; EPA report no.EPA/630/R-97/002 


4 “Mode of Action Study for Iodomethane-Related Fetotoxicity in Rabbits” (MRID 46451002), “Iodide in
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46582801)


23


thyroid tumor formation.3  


After iodomethane exposures, dramatic increases in inorganic iodide serum levels in conjunction
with changes in thyroid/pituitary hormone serum levels have been detected in the rat (Tables 9a &
b) as well as the rabbit (Tables 10a-d).4  Similar to the pattern of thyroid/pituitary hormone seen in
rats and rabbits, mice also exhibited hormonal perturbations though no measures of serum iodide
levels are available for this species (Table 11).5  It is noteworthy that thyroid follicular cell tumors
in mice and rats are only seen at doses eliciting substantial sustained increases in TSH serum levels
in rats and mice (8>300 and 91%, respectively).


Data used to demonstrate that an antithyroidal activity MOA is operative include increases in
cellular growth, hormone changes, site of action information, dose correlations, reversibility, lesion
progression, and structure activity relationships.  With the exception of reversibility, the
iodomethane database contains information on all these elements of the MOA.  Evidence of
increased cellular growth are available in the Combined Chronic Toxicity/Carcinogenicity Study in
rats, Carcinogenicity Study in mice, and the MOA for fetotoxicity study in rabbits.  


In the Combined Chronic Toxicity/Carcinogenicity Study in rats, increases in both absolute and
relative (to body weight) thyroid/parathyroid weights (883-197% and 110-229%, respectively) and
increases in the incidence of follicular cell hyperplasia (30% vs 0% control) were observed in male
rats exposed at the dose level (60 ppm) where thyroid tumors were seen.  Moreover, T3 serum
hormone levels were reduced by .11-34% while TSH was increased by .300-1100% (changes in
T4 levels were inconsistent throughout the study) [Table 9b].  No thyroid tumors were seen at dose
levels that failed to cause increases in thyroid/parathyroid weights, follicular cell hyperplasia, and
sustained thyroid/pituitary hormone perturbations.  In terms of the site of action, given the
essential role of iodine in the   proper function of the thyroid gland (both iodine deficiency and
excess can have profound effects on thyroid function and thyroid hormone biosynthesis) and the
fact that iodomethane exposure leads to an excess accumulation of iodine in the thyroid, it appears
that the proposed MOA for iodomethane’s thyroid tumorigenic response is mediated by an
intrathyroidal site of action [Tables 9a and 10a&b].  Progression of lesions was also demonstrated
in this study.  An increased incidence of  thyroid follicular cell hyperplasia but not neoplastic
lesions was evident at the interim histopathological examination (week 52) while both hyperplasia
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and neoplastic lesions were observed at the end of the study (week 104).


In the Carcinogenicity Study in mice, increases in the absolute and relative (to body) thyroid
weights were reported for males at all dose levels (8133-138% and 152-157%, respectively)in
conjunction with an increased incidence of follicular cell hyperplasia at the highest dose tested only
(12% vs. 0 in control).  Interestingly, though thyroid/parathyroid weights and follicular cell
hyperplasia incidences were increased at all dose levels in females, no progression to follicular cell
adenomas and/or carcinomas was seen for females while males exhibited a tumorigenic response
(albeit weak).  A dose-related increase in TSH (853-91%) was reported for males but not females
accompanied by a slight reduction in T4 (9#30%). 


Changes in hormone levels were also noted in the MOA study for iodomethane-related fetotoxicity
in rabbits.  When animals were exposed to 20 ppm iodomethane for 4 days, maternal TSH levels
were increased by 29-56%, T3 was decreased 11-23%, and T4 was decreased 20-71%.  Fetal TSH
was unaffected by maternal exposure to iodomethane but T3 was decreased (919-29%). 
Histopathology evaluation revealed an increase in the incidence of follicular cell hypertrophy in
dams (40% vs 0 controls) and fetuses (100% vs 0 control) after 4 days of exposure.  Interestingly,
the fetal incidence of follicular cell hypertrophy after a 4 day recovery period was 54%.  Since
exposure to iodomethane in this study was only for four days, no data are available to ascertain
what the impact of prolonged exposure would have been on the rabbit thyroid.  However, the
effects seen after such a brief exposure does provide some insight into the overall pattern of
thyroid toxicity seen after iodomethane exposure.


Though there are abundant data suggesting that iodomethane induces thyroid follicular cell tumors
through an antithyroidal MOA, the fact that iodomethane has been shown to have mutagenic
properties precludes the exclusion, at this time, of mutagenicity as a contributing factor in thyroid
tumorigenesis.  However, if mutagenicity was contributing to tumorigenesis, portal-of-entry
(respiratory tract) tumors would be expected.
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TABLE 9a. Serum iodide (inorganic) in rats following inhalation exposure to iodomethane:


Exposure group
(ppm)


Collection time (hrs) Inorganic iodide (ng/ml)a


0 0
1
3
6
9


24
25
27
30
33
48


17b


17b


19b


22b


39b


19b


14b


14b


4.1b


13b


14b


25 1
3
6
9


24
25
27
30
33
48


5070±721
9510±3800


25,600±1940
18,400±1550
1260±83.9
5960±576


10,800±1100
34,100±8170
24,700±1310


742±141


100 1
3
6
9


24
25
27
30
33
48


22,900±1620
60,300±2860
53,800±4480
52,500±8230
8170±1850


27,200±13,700
55,200±3050
83,200±7840
58,300±6520


4500±396
a Mean ± SD of 3 rats
b estimate at or below limit of quantitation; overall mean±SD for control (0 ppm) group was 17±9 ng/ml
Data taken from Table V, p. 23, Exygen Study No. P0000882
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TABLE 9b. Changes in serum thyroid hormone levels in rats exposed to Iodomethane by inhalationa


Parameter


Exposure concentration (ppm)


0 5 20 60 0 5 20 60


Males Females


Week 26


T3 (ng/dL) 57.50 ± 5.80 51.40 ± 18.63 57.12 ± 21.19 38.08 ± 16.27 (66)b 67.54 ± 28.27 55.38 ± 17.05 80.12 ± 21.93 49.44 ± 19.65 (73)


T4 (µg/dL) 3.87 ± 0.99 3.38 ± 0.44 3.24 ± 0.47 1.71 ± 1.41** (44) 2.03 ± 0.59 1.68 ± 0.57 1.93 ± 0.51 1.78 ± 0.65 (88)


TSH (ng/mL) 2.46 ± 1.23  3.78 ± 1.86 4.92 ± 3.87 30.53 ± 13.69**
(1241)


1.76 ± 0.62 1.76 ± 0.54 2.09 ± 0.66 12.92 ± 13.36**
(734)


rT3 (ng/mL) 0.13 ± 0.05 0.12 ± 0.05 0.11 ± 0.05 0.15 ± 0.03 0.10 ± 0.05 0.11 ± 0.03 0.15 ± 0.05 0.19 ± 0.09 (190)


Week 52


T3 (ng/dL) 43.23 ± 11.36 38.95 ± 15.64 51.34 ± 40.35 38.29 ± 11.37 (89) 81.78 ± 33.13 78.70 ± 20.46 60.10 ± 9.84 72.55 ± 15.68 (89)


T4 (µg/dL) 2.56 ± 0.82 2.45 ± 0.85 3.44 ± 0.69 3.42 ± 0.81* (134) 2.02 ± 0.27 2.16 ± 0.45 1.74 ± 0.30 2.23 ± 0.60


TSH (ng/mL) 2.25 ± 0.90 2.26 ± 0.64 3.60 ± 2.79 9.11 ± 11.38 (405) 2.61 ± 0.70 3.33 ± 1.91 2.87 ± 1.31 5.49 ± 6.37 (210)


rT3 (ng/mL) 0.09 ± 0.03 0.09 ± 0.05 0.09 ± 0.04 0.19 ± 0.05** (211) 012 ± 0.04 014 ± 0.06 0.09 ± 0.02 0.33 ± 0.16** (275)


Week 104


T3 (ng/dL) 49.79 ± 21.02 52.77 ± 20.97 50.01 ± 20.80 44.28 ± 15.86 (89) 72.72 ± 32.39 70.90 ± 19.28 65.93 ± 23.96 64.82 ± 22.16 (89)


T4 (µg/dL) 2.25 ± 0.73 2.27 ± 0.73 2.24 ± 0.97 2.50 ± 0.58 1.55 ± 0.99 1.56 ± 0.69 1.96 ± 0.75 2.47 ± 0.98** (159)


TSH (ng/mL) 2.38 ± 1.13 3.29 ± 1.61 3.48 ± 1.77 11.29 ± 14.92**
(474)


2.52 ± 0.99 2.93 ± 1.78 3.78 ± 2.94 3.98 ± 6.28 (158)


rT3 (ng/mL) 0.03 ± 0.03 0.04 ± 0.03 0.04 ± 0.03 0.07 ± 0.05** (233) 0.05 ± 0.03 0.09 ± 0.04 0.20 ± 0.12** 0.24 ± 0.12** (480)


Data obtained from pages 3594-3599 of MRID 46512401
a Values are group means ± SD
bNumbers in parentheses are percent of control values calculated by the reviewer.
*  p <0.05; ** p <0.01; all T4 and TSH as well as T3 and rT3 at 104 weeks analyzed using Dunnett’s test; T3 and rT3 analyzed using the Kruskal-Wallis test at weeks 26 and 52
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Table 10a.  Inorganic Iodide Concentrations in Maternal Rabbits (Does) after MeI administration via the
Inhalation Route


Maternal
 Exposure


Gestation Day/Time of
sampling after start of
daily exposure


Serum Iodide Concentrations (ng/mL)


Group 1
(0 ppm)


Group 2
(20 ppm MeI)


GD23 GD23 3 hrs
6.89 ± 2.28


7500 ± 488*
(81089X)


GD23 6 hrs
48.6 ± 56.6


9570 ± 4750*
(8197X)


GD23-24 GD24 0 hrs§


23.5 ± 19.7
1740 ± 1340


(874X)


GD24 6 hrs
23.5 ± 13.4


14300 ± 2360*
(8609X)


GD23-25 GD25 12 hrs
14.3 ± 6.4


5110 ±1760*
(8357X)


GD25 18 hrs
19.7 ± 11.4


4470 ± 3250*
(8227X)


GD23-26 GD26 0 hrs§


5.18 ± 0.09
3610 ±1200*


(8697X)


GD26 6 hrs
10.5 ± 7.0


16600 ± 6800*
(81581X)


Excerpted from Appendix I pp. 438-453 (MRID 46451002)
§ t=0 hrs. indicates that sampling was conducted prior to daily exposure
* Statistically different (p<0.05) from control
Numbers presented parenthetically represent change from control.
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Table 10b.  Inorganic Iodide Concentrations in Rabbit Fetuses after maternal MeI administration via the
Inhalation Route


Fetal
 Exposure


Gestation Day/Time of
sampling after start of
daily exposure


Serum Iodide Concentrations (ng/mL)


Group 1
(0 ppm)


Group 2
(20 ppm MeI)


GD23 GD23 3 hrs
114 ± 14


15100 ± 4620*
(8132X)


GD23 6 hrs
179 ± 77


27800 ± 9250*
(8155X)


GD23-24 GD24 0 hrs§


155 ± 24
8960 ± 4830*


(858X)


GD24 6 hrs
154 ± 11


33200 ± 11900*
(8216X)


GD23-25 GD25 12 hrs
161 ± 16


40100 ± 15700*
(8249X)


GD25 18 hrs
217 ± 55


32000 ± 12800*
(8147)


GD23-26 GD26 6 hrs
171 ± 66


72600 ± 23200*
(8425X)


Excerpted from Appendix I pp. 438-453 (MRID 46451002)
§ t=0 hrs. indicates that sampling was conducted prior to daily exposure
* Statistically different (p<0.05) from control
Numbers presented parenthetically represent change from control.
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Table 10c.  Rabbit Maternal (Does) Thyroid/Pituitary Hormone Concentrations in Serum


Maternal Exposure
(Time of Euthanasia After Initiation of
Daily Exposure)


Hormone Concentration


Group 1 (0 ppm) Group 2 (20 ppm MeI)


GD23 (6 hr) TSH (ng/mL) 0.5  ± 0.10 0.52 ± 0.19


T3 (ng/dL) 180 ± 23.8 173 ± 12.3


T4 (µg/dL) 1.76 ± 0.27 1.75 ± 0.40


GD24 (6 hr) TSH (ng/mL) 0.46 ± 0.11 0.62 ± 0.04* (835%)


T3 (ng/dL) 173 ± 16.4 158 ± 19.7 (99%)


T4 (µg/dL) 1.43 ± 0.42 1.44 ± 0.46


GD 25 (12 hr) TSH (ng/mL) 0.56 ± 0.05 0.68 ± 0.20 (821%)


T3 (ng/dL) 160 ± 36.3 136 ± 33.6 (915%)


T4 (µg/dL) 1.33 ± 0.24 0.95 ± 0.85 (929%)


GD26 (6 hr) TSH (ng/mL) 0.58 ± 0.24 0.58 ± 0.15


T3 (ng/dL) 122 ± 24.2 114 ± 25.0 (97%)


T4 (µg/dL) 0.60 ± 0.38 0.84 ± 0.89 (840%)


GD29 TSH (ng/mL) 0.56 ± 0.11 1.05 ± 0.65 (888%)


T3 (ng/dL) 168 ± 29.7 150 ± 18.2 (911%)


T4 (µg/dL) 0.77 ± 0.35 0.40 ± 0.36 (948%)


Excerpted from Appendix H, Table 1, page 380 (MRID 46451002)
aNumbers presented parenthetically represent % change from control
* Statistically different (p<0.05) from control
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Table 10d.  Rabbit Fetal Thyroid/Pituitary Hormone Concentrations in Serum


Fetal Exposure
(Time of Euthanasia After Initiation of
Daily Exposure)


Hormone Concentrations


Group 1 (0 ppm) Group 2 (20 ppm MeI)


GD23 (0 hr) TSH (ng/mL) 1.2 ± 0.1 1.1 ± 0.2


T3 (ng/dL) 10.1 ± 5.19 8.9 ± 5.38 (912%)a


T4 (µg/dL) 0.12 ± 0.12 0.07 ± 0.02 (942%)


GD23 (6 hr) TSH (ng/mL) 1.2 ± 0.4 1.1 ± 0.2


T3 (ng/dL) 4.5 ± 2.55 6.5 ± 4.77 (844%)


T4 (µg/dL) 0.07 ± 0.03 0.10 ± 0.05 (843%)


GD24 (0 hr) TSH (ng/mL) 1.5 ± 0.2 1.0 ± 0.2* (933%)


T3 (ng/dL) 11.3 ± 4.27 10.1 ± 6.34 (911%)


T4 (µg/dL) 0.09 ± 0.05 0.03 ± 0.03 (967%)


GD24 (6 hr) TSH (ng/mL) 1.9 ± 0.5 1.7 ± 0.4


T3 (ng/dL) 10.4 ± 2.01 13.6 ± 4.63 (831%)


T4 (µg/dL) 0.05 ± 0.04 0.08 ± 0.05 (860%)


GD 25 (12 hr) TSH (ng/mL) 1.7 ± 0.4 2.7 ± 0.6 (859%)


T3 (ng/dL) 13.1 ± 6.50 13.3 ± 5.76


T4 (µg/dL) 0.20 ± 0.11 0.06 ± 0.09* (970%)


GD25 (18 hr) TSH (ng/mL) 1.5 ±0.2 4.2 ± 1.1* (8180%)


T3 (ng/dL) 12.0 ± 2.44 13.2 ± 5.61 (810%)


T4 (µg/dL) 0.08 ± 0.07 0.00 ± 0.00 (9100%)


GD26 (6 hr) TSH (ng/mL) 1.9 ± 0.9 5.1 ± 1.5* (8168%)


T3 (ng/dL) 15.4 ± 3.09 26.6 ± 12.62 (873%)


T4 (µg/dL) 0.06 ± 0.04 0.03 ± 0.05 (950%)


GD29 TSH (ng/mL) 1.1 ± 0.2 4.4 ± 3.4* (8300%)


T3 (ng/dL) 23.9 ± 4.85 49.4 ± 30.17 (8107%)


T4 (µg/dL) 0.14 ± 0.04 0.10 ± 0.15 (929%)


Excerpted from Appendix H, Table 2, page 381 (MRID 46451002)
aNumbers presented parenthetically represent % change from control
* Statistically different (p<0.05) from control
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TABLE 11.  Serum hormone levels in male and female mice fed microencapsulated iodomethane


Parameter Dietary concentration (ppm)


0 60 200 600


Males


T3 (ng/dL) 71.49 ± 16.686a 70.46 ± 17.864 74.86 ± 13.762 74.99 ± 13.520


T4 (µg/dL) 2.68 ± 0.742 2.60 ± 0.976 2.55 ± 0.942 1.87 ± 0.570**
(70)b


TSH (µg/mL) 0.45 ± 0.140 0.54 ± 0.210 0.69 ± 0.277* (153) 0.86 ± 0.468**
(191)


Females


T3 (ng/dL) 62.17 ± 17.453 58.76 ± 10.346 67.27 ± 22.063 68.81 ± 18.407


T4 (µg/dL) 1.82 ± 0.996 1.91 ± 0.951 1.87 ± 0.843 1.76 ± 0.753


TSH (µg/mL) 0.28 ± 0.107 0.45 ± 0.306 0.47 ± 0.198 0.39 ± 0.190
Data taken from Table 32 and 33 (pp. 265-266), MRID 46582801.
aMean ± standard deviation
bNumbers in parentheses are percent of control calculated by the reviewer.


V.  COMMITTEE’S ASSESSMENT OF THE WEIGHT-OF-THE EVIDENCE


1.  Carcinogenicity


Evidence of carcinogenicity was seen in the thyroid glands of male rodents (Sprague-Dawley rats
and CD-1 mice) in the standard bioassays.  Though a slight increase in the incidence of uterine and
cervical tumors was reported for female mice, these lesions were not considered compound related
(see rationale below).


Rat


In Sprague-Dawley male rats, thyroid follicular cell tumors (adenomas and carcinomas) noted at
the highest concentration tested (60 ppm) were considered to be treatment related since:


< there were significant positive trends for all three types (adenomas, p<0.01; carcinomas,
p<0.05; combined adenomas/carcinomas, p<0.01), as well as significant differences in the
pair-wise comparisons of the 60 ppm dose group with the controls for adenomas (10/42,
24% p<0.01, vs 2/45, 4% controls) and combined adenomas and/or carcinomas, (12/42,
29% p<0.05 vs. 4/45, 9% controls)
< the incidences at the high dose exceeded the historical control ranges for adenomas
(1.67-12%) and for carcinomas (0.87-3.85%)
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The committee concluded that the dose levels tested were adequate and not excessive in both
sexes since there was evidence of non-neoplastic lesions, thyroid/pituitary hormone changes, body
weight and body weight gain decreases.


Mice


In the CD-1 mice, thyroid follicular cell tumors were observed in males only.  These tumors
were considered to be treatment-related because:


< there was a significant positive trend for combined adenomas/carcinomas (p<0.05)
< the increased incidence of thyroid tumors is consistent with the observations in the
Sprague-Dawley rats
< the incidences exceeded the historical control range for adenomas (0-2%), although not
for carcinomas (0-2%)
< an increase in thyroid tumorigenesis is consistent with substantial sustained perturbations
of thyroid/pituitary hormone homeostasis as seen after iodomethane exposure


A slight increase in the incidence of uterine and cervical fibromas was observed in female CD-1
mice.  Although significant positive trends for cervical fibromas (p<0.05) and combined
cervical/uterine fibromas (p<0.01) were reported, the lesions were not considered to be treatment-
related for the following reasons:


< Microscopic in size
< Occurred only at the terminal sacrifice
< Had no precursor lesions (hyperplasia)
< Not found in the rat bioassay 
< Fibromas, consisting primarily of collagen fibers, have not been associated with chemical
carcinogenicity.
< Moreover, these types of lesions are not uncommon in the reproductive tract of female
mice of this age.


– A comparison with historical control data was not appropriate since the number
of tissue samples examined in this study far exceeded the customary number of
sections evaluated for historical control data.  


The committee concluded that the dose levels tested in this study were adequate to assess the
carcinogenicity potential of iodomethane based on the increased incidence of non-neoplastic
lesions in the thyroid, esophagus, pharynx, stomach, and pituitary, decreased body weights (96-
11%, p<0.01) and body weight gains (921-92%, p<0.01), as well as changes in serum
thyroid/pituitary hormone levels.


2.  Mutagenicity
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Although the guideline mutagenicity studies submitted by the registrant are negative for
genotoxicity, there is concern that appropriate measures to prevent compound volatilization may
not have been taken.  In particular, re-evaluation of the Bacterial Reverse Gene Mutation test
(MRID 45593813) indicates that this is a “no test” since the study report did not describe what
measures were taken, if any, to keep the test substance “in contact” with the cells.


Numerous studies in the open literature indicate that iodomethane is a methylating agent and
consequently a potential mutagen.  Evidence of this mutagenic potential is available from
numerous in vitro assays and one in vivo assay (e.g., S. typhimurium, E. coli,CHO cells, mouse
lymphoma assay, and an in vivo DNA adduct formation test).  


3.  Structure Activity Relationship


Methyl bromide (MeBr), a monohalogenated methane like iodomethane, was considered with
regards to its SAR to iodomethane.  MeBr was classified as “not likely to be carcinogenic to
humans” based on the lack of tumorigenic response in two rodent bioassays in spite of several
positive mutagenicity assays.  Iodinated glycerol (which contains 3-iodo-1,2-propanediol as its
major component), a close structural analog of iodomethane, is an alkyl iodide with alkylating and
mutagenic activities and has been shown to induce the same type of thyroid tumors as
iodomethane.  However, iodinated glycerol is a multi-target carcinogen (including port of entry)
whereas iodomethane’s carcinogenic effect seems to be confined to the thyroid gland in rodents. 
In contrast, a number of nongenotoxic iodinated compounds with little or no structural similarity
to iodomethane (e.g., amiodarone, potassium iodide) have been shown to elicit similar thyroid
carcinogenic effects as iodomethane suggesting that iodide may be the key common link for the
thyroid activity.


4.  Mode of Action


There is compelling evidence indicating that iodomethane induces thyroid follicular cell tumors
through an antithyroidal MOA.  Although iodomethane has been shown to be mutagenic primarily
in in vitro studies and produced DNA adducts in one study in rats, the weight-of-evidence (WOE)
indicates that perturbation of thyroid homeostasis is the key event in the thyroid tumorigenic
response observed after iodomethane exposure.


Among the evidence supporting an antithyroidal MOA is the observation that only male rodents
exhibit increases in thyroid tumors.  This is a common response pattern for classical antithyroidal
agents.  In addition, the increases of cell growth in vivo (e.g., increases in thyroid weights and
hyperplasia) progressing to follicular cell tumors were only seen in the presence of thyroid/pituitary
hormone changes (decreased T3 and T4 in conjunction with profound TSH increases) thus
exhibiting a pattern of both dose and temporal concordance.  In a 1998 review article, Hard states
that “genotoxic chemicals able to induce thyroid cancer in rodents have different morphological
and physiological effects from those of known goitrogens.”  Characteristics of goitrogen-induced
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tumors include: (i) diffuse follicular cell hyperplasia, (ii) increases in thyroid weights preceding
tumor formation, (iii) sustained increases in serum TSH levels, and (iv) changes in serum T4 levels. 
In contrast, mutagen-induced thyroid tumors involve the formation of focal atypical hyperplasia
(originating from single follicles) and do not involve changes in thyroid/pituitary hormone economy
or changes in thyroid weights unrelated to tumor development.6  The fact that iodomethane
exposure leads to a dramatic increase in serum iodide levels coupled with the changes in
thyroid/pituitary hormone levels, thyroid weights, and diffuse follicular cell hyperplasia points to an
intrathyroidal site of action further supported by the fact that excess iodide is widely recognized as
a goitrogenic agent.7


Evidence suggesting that a mutagenic MOA may be operative in the iodomethane thyroid tumor
response include positive results in in vitro gene mutation and chromosome aberration assays as
well as formation of methyl DNA adducts in the liver, lung, forestomach and stomach of rats
(thyroid not examined) following oral or inhalation exposure.  In contrast, several lines of evidence
indicate that mutagenicity is not the MOA for thyroid follicular cell tumor formation.  For instance,
the majority of the neoplastic lesions observed after iodomethane exposure were benign and were
observed at the terminal sacrifice unlike tumors induced through a mutagenic MOA.  Other aspect
that contradicts a mutagenic MOA is that although DNA adducts are found in multiple organs
(e.g., liver, lungs, forestomach) tumors are only seen in the thyroid in the rodent bioassays.  This is
consistent with the observation that in standard rodent bioassays, no thyroid carcinogen acting by a
mutagenic MOA has been identified that does not induce tumors at multiple sites.  SAR also points
to a non-mutagenic MOA for thyroid tumorigenesis since (i) methyl bromide - a methylating and
mutagenic agent - structurally related to iodomethane did not show evidence of tumorigenesis in
any of the rodent bioassays and (ii) non-genotoxic iodinated compounds elicit a similar pattern of
thyroid tumor formation in the absence of tumors at other sites.  Furthermore, the incidence of
neoplastic lesions attributed to chlorate and perchlorate - two non-mutagenic thyroid carcinogens
with an antithyroidal site of action - is similar to what is observed after iodomethane exposure. 
Finally, the lack of a tumorigenic response at the port-of-entry (respiratory tract) in the Inhalation
Combined Chronic/Carcinogenicity study in rats also demonstrates that mutagenicity is not
contributing to the carcinogenic profile of iodomethane since tumors in the respiratory tract
(particularly the nasal cavity) would be expected if iodomethane were acting through a mutagenic
MOA.
VI.  CLASSIFICATION OF CARCINOGENIC POTENTIAL


In accordance with the EPA's Final Guidelines for Carcinogen Risk Assessment (March, 2005), the
CARC classified Iodomethane as “Not likely to be Carcinogenic to humans at doses that do not
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alter rat thyroid hormone homeostasis.”  This was based on the evidence that rats are substantially
more sensitive than humans to the development of thyroid follicular cell tumors in response to
thyroid hormone imbalance. The committee concluded that the key event that influences the
thyroid tumor response is the sustained stimulation of cell proliferation by TSH consistent with the
increase in thyroid follicular cell tumors only. 


VII.  QUANTIFICATION OF CARCINOGENIC POTENTIAL


The point of departure for the iodomethane long-term inhalation risk assessment will be based on
salivary gland metaplasia.  This endpoint is more sensitive than the effects on thyroid hormone
homeostasis;  the human equivalent concentration NOAELs (HECNOAEL) calculated for the effect
are (0.89 ppm and 3.75 ppm, for non-occupational and occupational risk assessments,
respectively).  In contrast, the HECNOAELs calculated for thyroid hormone perturbations using the
PBPK model submitted by the registrant are . 6.6 ppm and 26 ppm for non-occupational
exposures and occupational exposures, respectively.8  Consequently, the use of the salivary gland
and port-of-entry effects for risk assessment purposes will be protective of the effects on thyroid
hormone homeostasis which may lead to other non-cancer adverse health outcomes (e.g., goiter
and neurodevelopmental deficits).
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Date: 9/1/09 
To:  John Froines, Professor of Toxicology, UCLA 
From:  Kathleen Collins, Professor of Molecular and Cell Biology,  

UC Berkeley, kcollins@berkeley.edu 
Re: Summary of 8/21/09 testimony at legislative hearing 
 
The general biological responses to DNA damage by methylation are: 
1. DNA repair (if damage is at a low level), 
2. Cell suicide (highly damaged human cells kill themselves or attract killers) 
3. Genome mutation (cumulative increments of cancer risk) 
 
DNA methylation reactions often yield modified bases that are unable to serve as 
template for a DNA polymerase. These DNA lesions will recruit repair activities both 
directly (by recognition of distorted DNA) and as the consequence of stalled DNA 
replication (when the DNA is being copied prior to cell division). However, there is 
growing awareness than some DNA modifications will be copied over by a DNA 
polymerase if they are not repaired in advance of DNA replication, thus increasing the 
probability of genome mutation. Genome mutation in somatic tissues (most of our body) 
accelerates the progression of cancer. Genome mutation in germline cells (cells that 
develop into sperm and egg) leads to infertility and disease inheritance. 
 
Mechanisms of carcinogenicity of methyl halides. 
Bolt HM, Gansewendt B. Cr it Rev Toxicol. 1993;23(3):237-53. 
“methyl iodide, upon oral and inhalation administration to rats and mice, caused systemic 
DNA methylation. Specifically, 3-methyl-adenine, 7-methyl-guanine, and O6-methyl-
guanine were formed” 
 
O6-methyl-guanine is a particularly dangerous form of DNA methylation: it can be 
repaired, but it can also be replicated without repair (see below). Thus, the type of DNA 
methylation damage caused by methyl iodide has both short-term toxicity (from repair-
induced delay of cell growth or damage-induced cell death) and cumulative long-term 
deleterious impact (by permanent genome mutation, leading for example to cancer). 
 
The structural basis for the mutagenicity of O(6)-methyl-guanine lesions. 
Warren JJ , Forsberg LJ , Beese LS.  Proc Natl Acad Sci USA. 2006;103(52):19701-6. 
 
“Methylating agents are widespread environmental carcinogens that generate a broad 
spectrum of DNA damage. Methylation at the guanine O(6) position confers the greatest 
mutagenic and carcinogenic potential. DNA polymerases insert cytosine and thymine 
with similar efficiency opposite O(6)-methyl-guanine (O6MeG). … Our structures reveal 
that both thymine and cytosine O6MeG base pairs evade proofreading by mimicking the 
essential molecular features of canonical substrates 
 



Hazardous waste classification 
UC Berkeley Environmental Health & Safety (EH&S) regulations classify methyl iodide 
as the most toxic category of compound (zero-release, class C). This is a greater hazard 
level than most radioactivity (class B). See drain disposal pdf for complete guidelines. 
 
Class designation for hazardous waste disposal 

• Class A includes chemicals that pose little or no hazard in dilute aqueous solution. 
• Class B includes chemicals of moderate hazard in dilute aqueous solution. These 

aqueous solutions are suitable for disposal down the drain with excess water. 
• Class C includes chemicals that may not be drain disposed in any 

amount…requests for exceptions are made to EH&S who obtains any necessary 
additional information and coordinates review. 
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Review


Recent epidemiologic studies have demon-
strated significant relationships between circu-
lating levels of thyroid hormones (THs) and 
exposures to environmental chemicals (Blount 
et al. 2006; Boas et al. 2006; Longnecker et al. 
2003; Steinmaus et al. 2007). In controlled 
animal studies, environmental chemicals have 
been shown to cause a reduction in serum 
TH levels, also supporting a causal associa-
tion (Boas et al. 2006; Brucker-Davis 1998; 
DeVito et al. 1999; Zoeller 2007). In this 
article we review the role of THs in develop-
ment and adult life, the impact of xenobiotics 
on thyroid status, the relationships between 
adverse outcomes of thyroid disruption and 
upstream causal biomarkers, and the soci-
etal implications of perturbations in THs by 
xenobiotic chemicals.


The Role of THs in Development
THs include both thyroxine (T4) and triiodo-
thyronine (T3). !e independent regulation 
of circulating levels of these two forms of TH 
is complex, but in this review we refer gen-
erally to both forms as TH. THs are evo-
lutionarily conserved molecules present in 
all extant vertebrates and some invertebrates 
(Heyland and Moroz 2005). Molecular 


signaling pathways regulated by these hor-
mones affect development, energy balance, 
and metabolism in all taxonomic groups. For 
example, TH induces metamorphosis in the 
sand dollar (Heyland et al. 2004), flounder 
(Yamano et al. 1994), and frogs (Buchholz 
et al. 2005), and TH is essential for develop-
ment in birds (McNabb 2006) and mammals 
(Zoeller and Rovet 2004). In humans, TH is 
important for normal development of brain 
(Bernal 2007; Oerbeck et al. 2007), lungs 
(Bizzarro and Gross 2004; van Tuyl et al. 
2004), heart (Danzi et al. 2005; Grover et al. 
2005; Stoykov et al. 2006), and other organs. 
Likewise, the mechanism(s) by which THs 
exert their actions through nuclear receptors 
that influence gene expression is highly con-
served across the vertebrate taxa (Bertrand 
et al. 2004; Buchholz et al. 2006; Whitfield 
et al. 1999).


The regulation of serum TH levels and 
of TH action in various tissues involves a 
complex interplay of physiologic processes. 
!yroid function depends on iodine uptake, 
TH synthesis and storage in the thyroid 
gland, stimulated release of hormone into 
and transport through the circulation, hypo-
thalamic/pituitary control of TH synthesis, 


cellular TH transporters, tissue-specific TH 
deiodination, and degradation of THs by 
catabolic hepatic enzymes (Figure 1). Given 
the key role of TH for normal development 
and physiologic function in all vertebrates, it 
is important to identify environmental fac-
tors that may adversely affect thyroid func-
tion and/or TH signaling and to evaluate 
their ability to adversely affect public health 
(Brucker-Davis 1998). In addition, because 
of the highly conserved nature of TH chemis-
try, synthesis, signaling, and regulation, envi-
ronmental factors that affect thyroid function 
or TH signaling in one species may well affect 
thyroid function or TH signaling in others—
including humans.


THs and nervous system development. It 
is becoming clear that, although somatic and 
brain growth retardation occur with severe 
TH insufficiency, moderate or even transient 
TH insufficiency can cause specific develop-
mental defects in rodents (Auso et al. 2004; 
Crofton 2004; Crofton et al. 2000; Goldey 
et al. 1995a, 1995b; Goodman and Gilbert 
2007; Morreale de Escobar 2003) and in 
humans (Haddow 2005; Haddow et al. 1999; 
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BACKGROUND: !ere is increasing evidence in humans and in experimental animals for a relation-
ship between exposure to specific environmental chemicals and perturbations in levels of critically 
important thyroid hormones (THs). Identification and proper interpretation of these relationships 
are required for accurate assessment of risk to public health.
OBJECTIVES: We review the role of TH in nervous system development and specific outcomes in 
adults, the impact of xenobiotics on thyroid signaling, the relationship between adverse outcomes of 
thyroid disruption and upstream causal biomarkers, and the societal implications of perturbations 
in thyroid signaling by xenobiotic chemicals.
DATA SOURCES: We drew on an extensive body of epidemiologic, toxicologic, and mechanistic studies.
DATA SYNTHESIS: THs are critical for normal nervous system development, and decreased maternal 
TH levels are associated with adverse neuropsychological development in children. In adult humans, 
increased thyroid-stimulating hormone is associated with increased blood pressure and poorer blood 
lipid profiles, both risk factors for cardiovascular disease and death. !ese effects of thyroid suppres-
sion are observed even within the “normal” range for the population. Environmental chemicals may 
affect thyroid homeostasis by a number of mechanisms, and multiple chemicals have been identified 
that interfere with thyroid function by each of the identified mechanisms.
CONCLUSIONS: Individuals are potentially vulnerable to adverse effects as a consequence of expo-
sure to thyroid-disrupting chemicals. Any degree of thyroid disruption that affects TH levels on a 
population basis should be considered a biomarker of adverse outcomes, which may have important 
societal outcomes.
KEY WORDS: children’s health, endocrine disruption, hazard identification, risk assessment, sci-
ence policy, thyroid hormone, toxicologic assessments. Environ Health Perspect 117:1033–1041 
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Kooistra et al. 2006; Oerbeck et al. 2003, 
2007; Pop et al. 1999, 2003; Pop and Vulsma 
2005). Small differences (~25%) in point-
estimates of maternal T4 during the early 
fetal period are associated with adverse out-
comes (e.g., reduced IQ scores), even though 
these deficits do not constitute clinical hypo-
thyroidism (Haddow et al. 2002; Morreale de 
Escobar et al. 2000). However, in a hallmark 
study by Bongers-Schokking et al. (2000), the 
Mental Development Index of children with 
congenital hypothyroidism was affected by 
the age of onset of treatment, rather than the 
serum free T4 concentration after treatment. 
!us, the degree of TH insufficiency is not 
the only variable affecting human develop-
ment; the duration of the insufficiency and 
the developmental timing of the insufficiency 


are also important and may vary by species, 
presenting a challenge for hazard assessment.


Experimental work in animals provides 
strong support for the hypothesis that mod-
erate TH insufficiency can alter development 
in rodents. Integrating data over a series 
of studies, a decrease in serum total T4 by 
50% during the critical period for cochlear 
development was associated with a perma-
nent hearing loss in adult offspring (Crofton 
2004). Auso et al. (2004) found that less 
than a 30% decrease in serum total T4 in 
dams, for only 3 days, was associated with 
structural abnormalities in the brains of their 
offspring. An average decrease in serum total 
T4 of only 28% in 2-week-old pups given 
low doses of propylthiouracil was associated 
with marked reduction in cell density of the 


corpus callosum (Sharlin et al. 2008). Gilbert 
and Sui (2008) found that a 28% reduction 
in circulating levels of T4 in rat dams pro-
duced significant adverse effects on synaptic 
function of the adult offspring despite no 
detected change in serum T4 levels in the 
pups after birth. Thus, these experimental 
findings confirm what has been observed in 
humans: small, even transient, decreases in 
serum total T4 are associated with altered 
brain development.


TH Effects in Other Organ 
Systems and Adults
It is important to recognize that TH con-
centrations are correlated with adverse effects 
in organ systems other than the nervous sys-
tem, including the cardiovascular system and 
control of serum lipids (Asvold et al. 2007a; 
Biondi et al. 2005; Osman et al. 2001), pul-
monary system (Krude et al. 2002; Lei et al. 
2003; Mendelson and Boggaram 1991), and 
kidney. Total cholesterol, low-density lipo-
proteins (LDL), non-high-density lipopro-
teins (non-HDL), and triglycerides increased 
linearly with increasing thyroid-stimulating 
hormone (TSH), and HDL decreased con-
sistently with increasing TSH across normal 
reference ranges without evidence of any 
threshold effect (Asvold et al. 2007b). Similar 
trends in lipid profiles were identified across 
clinical categories from hypothyroid to euthy-
roid to hyperthyroid individuals (Canaris 
et al. 2000). Within the reference ranges for 
TSH, there was a linear positive association 
between TSH and both systolic and dia-
stolic blood pressure (Asvold et al. 2007b) 
(Figure 2). Intimal medial thickness, a meas-
ure of atherosclerosis and predictive of coro-
nary vascular disease and stroke, was inversely 
related to free T4 after controlling for lipids, 
clinical factors, and thyroid autoantibodies 
(Dullaart et al. 2007). Some of these adverse 
effects were ameliorated by treatment with T4. 
Not surprisingly, deficits in thyroid homeo-
stasis were associated with cardiovascular risk 
in multiple epidemiologic studies. A meta-
analysis of 14 epidemiologic studies (Rodondi 
et al. 2006) found an overall increase in risk 
of coronary heart disease of > 65% in those 
with subclinical hypothyroidism (elevation 
in TSH with normal T4). A higher relative 
risk was noted in those studies that adjusted 
for most cardiovascular risk factors, suggest-
ing that confounding was not responsible for 
these effects. Treatment with -T4 of patients 
with subclinical hypothyroidism resulted in 
improvements in cardiovascular risk factors, 
including total cholesterol and endothelial 
function (flow-mediated dilatation) (Razvi 
et al. 2007). Michalopoulou et al. (1998) 
found that treatment with T4 of hypercholes-
terolemic individuals who have “high normal” 
TSH values significantly reduced both total 


Figure 1. TH control pathways and sites of disruption by xenobiotic chemicals. Abbreviations: Gluc, glu-
cose; HO-PCBs, hydroxyl-PCBs; NIS, sodium/iodide symporter; PBDE, polybrominated diphenyl ether; 
PTU, propylthiouracil; T4-Gluc, T4-glucuronide; TBG, thyroid-binding globulin; TRH, thyrotropin-releasing 
hormone; TSH, thyroid-stimulating hormone; TTR, transthyretin; UDPGT, uridine diphosphate glucuronyl-
transferase. Sites or processes where xenobiotics are known or hypothesized to act as TDCs are indi-
cated in the boxes and ovals. Xenobiotics that block, inhibit, or up-regulate these processes are shown in 
bold (modified from Crofton 2008). 
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and LDL cholesterol, additionally support-
ing a causal association. In addition, environ-
mental exposure to the thyroid-disrupting 
chemical (TDC) polychlorinated biphenyls 
(PCBs) had an inverse association with T3 in 
men (Meeker et al. 2007) and was associated 
with both unfavorable lipid profiles and self-
reported cardiovascular disease in men and 
women (Goncharov et al. 2008). !erefore, 
epidemiologic as well as mechanistic and ther-
apeutic evidence substantiates the concern 
that TDCs may adversely affect cardiovascular 
risk in humans by reducing serum T4.


Impact of Xenobiotics  
on TH Signaling
TDCs are broadly defined as xenobiotics that 
interfere with TH signaling. !ese can include 
chemicals that alter the structure or function 
of the thyroid gland (e.g., perchlorate and 
methimazole), alter binding of hormones to 
thyroid receptors (e.g., bisphenol A, PCBs, 
and polybrominated diphenyl ethers), or alter 
regulatory enzymes associated with TH syn-
thesis (e.g., propylthiouracil) (Crofton et al. 
2005). A number of extrathyroidal mecha-
nisms affect TH levels by altering binding to 
hormone transport proteins (e.g., hydroxyl-
PCBs), hepatic clearance (e.g., PCBs, triclo-
san), inhibition of deiodination to T3 (e.g., 
FD&C red dye number 3), and receptor ago-
nism/antagonism (e.g., tetrabromobisphenol 
A). The downstream consequences of these 
effects are to alter TH-directed transcrip-
tion either directly or via changes in circulat-
ing or tissue concentrations of THs. Several 
uncertainties complicate basic risk assessment 
approaches when assessing the hazards of 


TDCs. !ese include defining the biomarkers 
used for assessing hazard, defining the magni-
tude of change in the biomarker(s) that reli-
ably predict downstream adverse outcomes, 
intraspecies extrapolation that is hampered by 
a lack of mechanistic and dose response data, 
and predicting the effects of real life exposures 
to low-level mixtures of xenobiotics that con-
tain components that individually have vastly 
different kinetic and dynamic properties.


Several specific chemicals were shown to 
bind to TH receptors (TRs) (Zoeller 2005, 
2007). This has important implications 
because there is good evidence that differ-
ent effects of TH in the developing brain are 
mediated by different TR isoforms (Bernal 
2007). !ere are two different classes of TRs 
(TR  and TR ), and different chemicals 
can selectively interact with various isoforms. 
Thus, these chemicals will likely produce 
a mosaic of effects on TH signaling in the 
developing brain and may do so without 
affecting circulating levels of TH. It also may 
be challenging to develop high-throughput 
in vitro screens for TR binding because many 
of these screens use only the ligand-binding 
domain of the receptor, and there is some 
evidence that environmental chemicals can 
bind to an allosteric site on the DNA binding 
domain of the TR (Miyazaki et al. 2008).


The variety of mechanisms by which 
TDCs alter TH signaling (Table 1) provide 
a number of biomarkers that could be used in 
assessing hazard. !ese include molecular tar-
gets, which could be chemical-class specific, 
and downstream consequences, such as serum 
TH concentrations, brain morphology or bio-
chemistry, or behavior. These changes may 


be either directly or indirectly related to TH 
action (Figure 3). Accurately and thoroughly 
assessing the health risks of thyroid disruption 
by environmental xenobiotics will require an 
improved understanding of how divergent 
mechanisms alter the relationship between 
serum THs and consequent adverse impacts 
on health.


The most commonly used biomarker of 
effect for TDC exposure is serum total T4 
concentrations (DeVito et al. 1999; Zoeller 
et al. 2007). Although TSH is a well-accepted 
biomarker for hypothyroidism, a number of 
xenobiotics alter circulating TH levels but 
do not change TSH (DeVito et al. 1999). 
!erefore, it is central to risk assessment to 
understand the relationship between perturba-
tions in circulating concentrations of T4 and 
adverse effects. In addition, it is important to 
test the hypothesis that changes in circulating 
concentrations of T4 represent a common 
pathway by which adverse outcomes are pro-
duced. !is hypothesis is consistent with the 
accepted role of circulating concentrations of 
T4 in defining thyroid disease (Brabant et al. 
2006). Many kinds of adverse effects are asso-
ciated with either TH excess or insufficiency, 
depending on the timing, severity, and dura-
tion of the perturbation. Although the pattern 
of effects may differ, changes in serum TH are 
predictive of downstream adverse outcomes.


Upstream biomarkers of TDC expo-
sure are predictive of adverse effects if the 
mechanisms of action are well characterized. 
Mechanism 1 in Figure 4 illustrates this point: 
alterations in circulating THs during develop-
ment are predictive of adverse neurodevel-
opmental outcomes. This concept has been 


Table 1. Classes, mechanisms of action, and effects of TDCs on TH homeostasis.


Class Mechanism Effect on THs Chemical  References


Iodine transport Competition/block of  Decreased thyroidal Perchlorate, chlorate, bromated nitrates,   Tonacchera et al. 2004; Van 
  sodium/iodide symporter  synthesis of T3 and T4  thiocyanate Sande et al. 2003; Wolff 1998
Synthesis inhibitors Inhibition of thyroid peroxidase Decreased thyroidal Methimazole, propylthiourea,  Biegel et al. 1995; Capen 1997; 
   synthesis of T3 and T4  amitrole mancozeb, soy isoflavones, Doerge and Sheehan 2002; Hurley
    benzophenone 2,1-methyl-3- 1998; Schmutzler et al. 2007
    propyl-imidazole-2-thione
Transport disruption Altered binding to serum  Unknown Hydroxyl-PCBs, EMD 49209,  Lans et al. 1993; Schroder-van der
  transport proteins   pentachlorophenol Elst et al. 1997; van den Berg 1990
Enhanced hepatic catabolism Up-regulation of Increased biliary Acetochlor, phenobarbital,  Biegel et al. 1995; Brucker-Davis
  glucuronylsyltransferases  elimination of T3, T4  3-methylcolanthrene, PCBs,  1998; Hood and Klaassen 2000; 
  or sulfotransferases     1-methyl-3-propyl-imidazole-2-thione Hurley 1998; Liu and Klaassen 1996
  (via CAR/PXR or AhR)
Enhanced cellular transport Up-regulation of organic Increased biliary 1,4-Bis[2-(3,5-dichloropyridyloxy)] Guo et al. 2002; Jigorel et al. 2006; 
  anion-transporting polypeptides   elimination of T3, T4  benzene, PCN, TCDD, rifampicin, Petrick and Klaassen 2007; 
  or MCT transporters via CAR/PXR   phenobarbital, oltipraz Staudinger et al. 2001
  or AhR
Sulfotransferases Inhibition of sulfotransferases Decrease sulfation Hydroxy-PCBs, triclosan,  Schuur et al. 1998; Wang et al. 
   of THs  pentachlorophenol 2004; Wang and James 2006
Deiodinases Inhibition or up-regulation Decreased peripheral FD&C red dye no. 3, Capen 1998; Klammer et al. 2007; 
  of deiodinases  synthesis of T3  propylthiouracil, PCB, Morse et al. 1993; Visser et al. 1979
    octylmethoxycinnamate
TR agonists and antagonists Direct or indirect alterations  Altered activation of Tetrabromobisphenol A,  Gauger et al. 2004; Kitamura et al.
  in TR–T3 response element  TH-dependent gene  bisphenol A, hydroxy-PCBs 2005; Moriyama et al. 2002
  binding  transcription


Abbreviations:  Ahr, aryl hydrocarbon receptor; CAR, constitutive androstane receptor; FD&C red dye no. 3, Food, Drug and Cosmetics red dye no. 3; PCN, pregnenolone-16a-
carbonitrile; PXR, pregnane X receptor. Modified from Crofton (2008).
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known for decades and is the basis for new-
born TH screening (Rose et al. 2006). !ese 
adverse consequences are well documented 
in animals for xenobiotics that alter circulat-
ing levels of TH (Crofton and Zoeller 2005; 
Zoeller and Crofton 2005).


Cross-Species Extrapolation
Although interspecies extrapolation of adverse 
effects of TDCs requires careful considera-
tion, there are many situations in which the 
effects of a chemical in one species are similar 
to those in another, including in humans. For 
example, perchlorate competitively inhibits 
iodine uptake into the thyroid gland, with 
subsequent decreases in TH synthesis and 
declines in circulating TH concentrations 
(Wolff 1998). The kinetics for perchlorate 
inhibition of iodine uptake in humans and 


rats are extremely similar [U.S. Environmental 
Protection Agency (EPA) 2002], indicating 
the homologous nature of the initial toxic 
event. However, species differences in the 
relationship between changes in serum total 
T4 and downstream adverse effects, perhaps 
mediated by differences in kinetics such as 
tissue TH concentrations and the sensitivity 
of specific developmental outcomes to low 
T4, cannot be ruled out at this time (National 
Research Council 2005).


For some TDCs, there may be little data 
to support cross-species extrapolation (Crofton 
2004). Both in vivo and in vitro studies 
suggest that PCBs activate the pregnane X 
receptor (PXR) in rodents, which leads to up-
regulation of hepatic catabolic enzymes and 
subsequent declines in circulating concentra-
tions of T4 (Schuetz et al. 1998). !e steroid 


X receptor (SXR) is the human equivalent for 
rodent PXR (Blumberg et al. 1998), and there 
are species differences between PXR and SXR: 
Rodent PXR is activated by pregnenolone-
16 -carbonitrile (PCN), but not by rifam-
picin, whereas human SXR is activated by 
rifampicin but not by PCN (Kliewer et al. 
2002). In addition, in vitro data suggest that 
high concentrations of PCB-153 act as an 
antagonist at the human SXR (Tabb et al. 
2004). As well, species differences in circula-
tory transport proteins (e.g., transthyretin and 
thyroid-binding globulin) complicate extrapo-
lation from animals to humans (Capen 1997; 
Hill et al. 1998). !us, species differences in 
the expression or structure of specific func-
tional proteins (e.g., receptors and enzymes) 
may at times affect the toxicity of specific 
compounds in different species.


Mixtures
Evaluating the potential for additive or 
 synergistic (i.e., greater than additive) effects 
resulting from exposure to mixtures or envi-
ronmental xenobiotics presents challenges 
for the assessment of endocrine disruptors 
(Daston et al. 2003). Additivity for mixtures of 
chemicals with a similar target is now a default 
assumption for some classes of chemicals (U.S. 
EPA 2000). A variety of predictive models are 
available for use with mixtures of similarly act-
ing chemicals (Feron and Groten 2002; Kroes 
et al. 2005; Mumtaz et al. 1993; Teuschler 
2007; U.S. EPA 2000). For example, the toxic 
equivalents methodology predicts the cumula-
tive effects of aryl hydrocarbon receptor (AhR) 
agonists using dose addition (Haws et al. 2006; 
Van den Berg et al. 2006). However, these 
models may not predict effects of mixtures 
containing chemicals with multiple mecha-
nisms of action (e.g., synthesis inhibitors, low 
dietary iodine, hepatic catabolism). !e small 
number of studies reporting effects of mix-
tures of TDCs lack, either by study design 
or statistical approach, the ability to test for 
additivity (Desaulniers et al. 2003; Khan et al. 
2005; McLanahan et al. 2007; Wade et al. 
2002). !e use of rigorous statistical models is 
critical for testing hypotheses of effect or dose 
addition and determining whether antagonism 
or synergism exists (Feron and Groten 2002; 
Hertzberg and Teuschler 2002; LeBlanc and 
Olmstead 2004).


Crofton et al. (2005) tested a mixture of 
18 TDCs (dioxins, dibenzofurans, and PCBs) 
for effects on serum T4. !ese chemicals were 
each known to decrease circulating concentra-
tions of T4 (Craft et al. 2002; Crofton et al. 
2005; Khan and Hansen 2003; McLanahan 
et al. 2007). !e mechanisms by which these 
chemicals alter THs involve up-regulation 
of hepatic catabolic enzymes (e.g., uridine 
diphosphate glucuronosyltransferases). 2,3,7,8-
Tetrachlorodibenzo-p-dioxin (TCDD), 


Figure 3. A combined mode-of-action model for the effects of TDCs on cancer and developmental out-
comes. Abbreviations: TTR, transthyretin; UDPGT, uridine diphosphate glucuronyltransferase. Mixture 
models are needed to better predict effects of mixtures containing xenobiotics that affect multiple targets 
with common downstream effects (modified from Crofton and Zoeller 2005; U.S. EPA 2002). 
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dibenzofurans, and dioxin-like PCBs  activate 
a network of phase II and III proteins via 
binding of the AhR (Schrenk 1998). !e non-
dioxin-like PCBs activate a slightly different 
set of enzymes (and possibly transporters) via 
binding to PXR and the constitutive andros-
tane receptor (CAR) (Kretschmer and Baldwin 
2005; Schuetz et al. 1998). !ese differences in 
mechanisms of action (i.e., AhR agonists and 
CAR/PXR agonists) suggest that dose addition 
theory would not predict the effects of the 
mixture. A “flexible single-chemical-required” 
method (Casey et al. 2004; Gennings et al. 
2002) demonstrated no deviation from dose 
additivity at the lowest doses of the mixture 
but a greater-than-additive effect at the high-
est mixtures doses (Figure 5). At high doses 
the dose-additivity model underpredicted the 
empirical effects by 2- to 3-fold but worked 
well at lower doses typical of environmental 
exposures.


Future work is needed to improve the 
ability of mixtures models to account for the 
homeostatic processes that are activated by 
changes in both tissue and serum TH con-
centrations. !e paucity of data in this area 
makes it difficult to determine whether these 
models will accurately predict changes in 
common downstream adverse outcomes after 
exposure to complex mixtures of chemicals 
that act on multiple upstream targets. Indeed, 
the effects of the complex mixtures will likely 
depend on the interaction of both kinetic and 
dynamic factors. Increasingly, it may become 
possible to identify interactions of chemicals 
in population -based biomonitoring databases. 
For example, sizable subpopulations for whom 
the relationship between perchlorate exposure 
and serum T4 concentrations are modified by 
coexposure to thiocyanate, nutrition (iodide 
consumption), and behavior (smoking) have 
been identified using the National Health 
and Nutrition Examination Survey database 
(Blount et al. 2006; Steinmaus et al. 2007). 
Because additivity or synergy of TDCs with 
different mechanisms of action has been dem-
onstrated, as noted above, a broad approach 
to cumulative risk that would account for 
these interactions seems appropriate. !is is 
particularly true considering the limitations of 
current modeling methodologies.


Causality
A critical issue affecting the interpretation of 
upstream events is the relationship between 
biomarkers captured in clinical or animal 
studies and specific adverse outcomes. Studies 
involving upstream biomarkers are most use-
ful when these biomarkers have been causally 
linked to downstream adverse outcomes. For 
example, interpreting studies of perchlorate 
and T4 are relatively straightforward because 
the only known toxic effect of perchlorate is 
interference with thyroid function (National 


Research Council 2005); thus, any effects of 
perchlorate on the nervous system are neces-
sarily interpreted to be subsequent to a reduc-
tion in serum THs.


Difficulties can arise when attempting 
to predict changes in upstream biomarkers 
based on adverse outcomes. For example, if 
the adverse outcome(s) of a specific toxicant 
or mixture is caused by more than one mecha-
nism, then individual downstream outcomes 
(i.e., “effects”) are not diagnostic of upstream 
events, and causative links between a known 
exposure and outcome are difficult to discern. 
Figure 4 illustrates this by the alternative mech-
anisms activated by chemical X that may cause 
similar adverse outcomes. Indeed, some of these 
adverse outcomes may be caused by exposure 
to other chemicals (chemical Z). A key to using 
adverse outcomes in these cases is the use of 
patterns of outcomes that may be diagnostic.


PCBs offer a good example of the prob-
lems associated with inferring upstream 
changes in THs as the causative agent of 
downstream neurotoxic outcomes. PCBs 
produce changes in a number of behavioral 
domains in humans and animals (Rice 2000; 
Schantz et al. 2003). They also affect mul-
tiple neurochemical pathways (Kodavanti 
et al. 1993; Kodavanti and Ward 1998; 
Seegal 1996; Seegal et al. 1991) in addition 
to TH (Crofton and Zoeller 2005). Although 
changes in THs during development predict 
specific behavioral changes, effects of PCBs 
on some specific tasks in animals or outcomes 
in epidemiologic studies may not necessarily 
be attributable to changes in THs.


Another example of the difficulty in link-
ing serum TH to adverse outcomes is pro-
vided by the recent observation in humans of 
an abnormal TH profile in boys with a genetic 
mutation in the T3-specific transporter mono-
carboxylate anion transporter 8 (MCT8). In 
all cases, serum T3 is elevated, but serum T4, 
free T4, and TSH may be low, normal, or ele-
vated (Jansen et al. 2007). !us, the elevated 
serum T3 appears to be a biomarker of the 
MCT8 mutation among the patients evalu-
ated, although it is not the only mechanism 
by which T3 can become elevated. In addi-
tion, all of the boys evaluated presented with 
severe psychomotor deficits, but it is unlikely 
that the elevated serum T3 itself was the root 
cause of their condition. !us, environmental 
factors that influence T3 transport through 
MCT8 may represent a situation in which the 
profile of serum TH hormones is perturbed in 
ways that are not immediately recognizable as 
due to an endocrine disruptor, but may signal 
that adverse effects occur through a mecha-
nism that interferes with TH signaling.


Recognition of the role of “critical win-
dows of exposure” in characterizing causal 
relationships between toxicant effects on 
serum THs and downstream adverse effects 


is critical. Specifically, the role of TH in brain 
development changes as development pro-
ceeds (Zoeller and Rovet 2004). Therefore, 
to establish a causal role of toxicant-induced 
low TH in the mechanism of neurotoxicity, 
it is important to show that T4 replacement 
can reverse the effects of toxicant. However, 
it is important to be cognizant of the relevant 
“windows” of vulnerability in the design of 
these experiments. For example, the impact 
of TH disruption on the development of 
auditory function in rats correlates well with 
circulating T4 levels during the second post-
natal week (Crofton 2004). This is entirely 
consistent with the known role of THs in 
auditory development (Uziel et al. 1981), the 
critical postnatal ontogeny of auditory func-
tion (Rubel 1978), and the pharmacokinetics 
of the chemicals tested (Crofton and Zoeller 
2005). In addition, this correlation estab-
lishes a prognostic power of early postnatal 
T4 for adverse consequence of developmental 
exposure to TDCs in rats (Crofton 2004). An 
understanding of the role of THs in develop-
ment, coupled with hormone level measure-
ment during the critical window, allows the 
establishment of a developmental mode of 
action that assigns a key causative role to TH 
disruption in the adverse outcome (Figure 4).


Studies designed to test for associations 
between toxicant exposures and circulat-
ing levels of TH in humans require careful 
consideration of confounding variables. For 
example, blood levels of TH vary among indi-
viduals (Andersen et al. 2002, 2003), which 
will affect the number of samples required 
for such a study to be sufficiently powered to 
identify associations of interest. In the case 
of newborn TH levels, a number of mater-
nal, infant, and delivery factors influence 
TH levels in cord blood and in infant serum 
(Herbstman et al. 2008), and these must be 


Figure 5. The predicted and empirical effects of a 
mixture of dioxins, furans, and PCBs on serum total 
T4 in rats. Predicted outcomes (additivity model) 
were generated using a single chemical-required 
additivity model. Empirical results (empirical model) 
showed a small but significant departure from 
dose additivity at the three highest mixture doses, 
whereas the remaining lower mixture doses were 
not significantly different than that predicted by 
additivity (modified from Crofton et al. 2005). 
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carefully considered when attempting to iden-
tify associations between toxicant exposures 
and serum TH levels. A good recent exam-
ple is that of Herbstman et al. (2008), who 
showed that PCB measures in cord blood 
were associated with circulating levels of TH 
only in those babies born via an unassisted 
vaginal delivery. Thus, these confounding 
variables may explain the studies in which 
PCB body burden has not been found to be 
associated with THs.


Sensitive Populations
!ere may be individuals within the general 
population who are more at risk than others 
(i.e., sensitive subpopulations). For example, 
because pregnancy causes an increased demand 
on the thyroid gland, pregnant women may 
be particularly sensitive to specific kinds of 
toxicants that produce an additional burden 
on the thyroid gland, such as perchlorate, or 
chemicals that activate liver metabolism of T4. 
Women in general appear to be more sensitive 
to the adverse effects of perchlorate (Blount 
et al. 2006), although it is not clear why. An 
estimated 7.3% of the U.S. population either 
have self-reported hypothyroidism or take thy-
roid medication, and three-quarters of these 
are women (Aoki et al. 2007). More than 
17% of those > 12 years of age report taking 
medications known to alter TH levels (e.g., 
estrogen, lithium, androgens). Those 50–79 
and ≥ 80 years of age have a 2-fold and 5-fold 
increased risk of hypothyroidism, respectively, 
compared with those 12–49 years of age (Aoki 
et al. 2007). !ese are examples of large sub-
populations at risk with any additional expo-
sures that affect thyroid homeostasis.


!e set-point around which THs are regu-
lated is very individualistic (Andersen et al. 
2002, 2003), and differences between individ-
uals in their set-point is largely determined by 
genetics (Hansen et al. 2004). Epidemiologic 
studies have identified elevated risk of car-
diovascular disease in patients with subclini-
cal hypothyroidism, characterized by elevated 


TSH with normal T4. Many studies identify 
that TDCs are associated with decreases in T4 
but not elevations in TSH. However, the low 
level of interference with thyroid homeostasis 
seen in subclinical hypothyroidism and with 
TDCs may be equivalent, suggesting that ele-
vated risk of cardiovascular disease should be 
considered possible from exposure to TDCs. 
The variance in serum T3, T4, and TSH 
in individuals is about half of the range of 
population variance, known as the “reference 
range,” as shown for T4 in Figure 6 (Andersen 
et al. 2002). !erefore, a value within stan-
dard “normals” is not necessarily normal for 
the individual, and an elevated TSH (which 
responds with a logarithmically amplified vari-
ation to minor changes in T3 and T4) should 
be interpreted as indicating that serum T3 and 
T4 levels are not normal for the individual 
(Andersen et al. 2002). !us, it is highly likely 
that unidentified subpopulations exist that 
have particular sensitivity to thyroid disrup-
tion. !e ability of epidemiologic studies to 
identify associations between thyroid disrup-
tors and cardiovascular (or other) outcomes 
may be diminished as a result of failure to 
recognize risk in individuals who may have 
T4 levels in the normal population range but 
below their own normal individual range. 
Therefore, any exposure that would result 
in altered TH homeostasis in a population 
should be considered an adverse effect.


Societal Burden
!e burden to society of even small changes in 
function should not be dismissed or underes-
timated. !e consequences of developmental 
lead exposure provide an informative example 
of the effects of a small shift in the IQ of a 
population. Lead exposure has been wide-
spread in the United States, although blood 
lead concentrations decreased from a mean 
toddler blood lead of 15 µg/dL to < 2 µg/dL 
over the past four decades with the introduc-
tion of nonleaded gasoline and other measures 


(Centers for Disease Control and Prevention 
2007). A mean toddler blood lead of 15 µg/dL 
would be expected to decrease population IQ 
by ≥ 5 points (Lanphear et al. 2005). Although 
the consequences of a 5-point decrease in an 
individual’s IQ may be difficult to discern, the 
impact of this 5% shift at the tails results in 
a 57% national increase in those classified as 
mentally retarded (IQ < 70) and a concomi-
tant decrease in individuals considered gifted 
(IQ > 130) (Schettler 2001; Weiss 1997).


Small decrements in maternal T4 or free 
T4 during the first trimester are associated with 
impaired neuropsychological development in 
the child (Haddow 2005; Haddow et al. 1999; 
Oerbeck et al. 2003, 2007; Pop et al. 1999, 
2003; Pop and Vulsma 2005). However, chil-
dren born to women with moderately low TH 
identified in these studies largely fall within the 
lower portion of the normal range for measures 
of neuropsychological function. Although they 
have lower IQ as a population, their individ-
ual IQ is in the normal range (Haddow 2005; 
Haddow et al. 1999).


!e cardiovascular consequences of disrup-
tion of thyroid homeostasis also potentially 
affect a large portion of the adult population. 
As noted above, there is a linear association 
between TSH (including through the normal 
reference range) and both blood pressure and 
cholesterol (Asvold et al. 2007a, 2007b). !e 
magnitude of these changes associated with 
changes in THs would be considered to confer 
minimal risk to an individual, even though 
the individual risk of myocardial infarction 
(MI) and death from MI increases linearly for 
increased systolic and diastolic blood pressure 
(U.S. EPA 1985) and serum cholesterol (Rose 
1981) (Figure 7). !ere is an important dis-
tinction that needs to be recognized, however: 
the difference between individual (relative) risk 
and population-attributable risk. Typically, 
the medical community assigns specific values 
for blood pressure and cholesterol as “high” or 
“borderline” to advise individuals on individual 


Figure 6. Individual versus population reference 
range for T4: the distribution of 12 monthly mea-
surements for 15 men compared with one indi-
vidual. The distribution width for the individual is 
approximately one-half that of the group [adapted 
from Andersen et al. (2002);  copyright 2002, The 
Endocrine Society].
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Figure 7. Individual risk and mortality associated with MI. (A) Individual risk and prevalence for MI associ-
ated with increased serum cholesterol levels. The number above each bar represents estimate of attribut-
able deaths per 1,000 per 10 years. Note that individual risk increases linearly (including within the range 
of values considered normal) but that most deaths attributable to increased cholesterol levels occur in the 
lower range, because this represents a greater proportion of the population (adapted from Rose 1981; with 
permission from the BMJ Publishing Group). (B) Death from MI associated with increased diastolic blood 
pressure in males 45–74 (age-adjusted rate) (adapted from U.S. EPA 1985).
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health risk. However, as illustrated in Figure 7, 
most of the morbidity in the population as 
a whole is associated with lower rather than 
higher levels, because a higher percentage of 
the population falls within the low to moderate 
range (Rose 1985; Rose and Day 1990).


The population-attributable risk can be 
used to monetize the societal burden of expo-
sure to chemicals that affect thyroid func-
tion. For example, the U.S. EPA estimated 
the effects of lead, which is associated with 
increases in both systolic and diastolic blood 
pressure, on cardiovascular function (U.S. EPA 
1985). !e monetary burden of lost IQ associ-
ated with lead or methylmercury exposure has 
also been estimated at billions of dollars per 
year (Landrigan and Garg 2002; Trasande 
et al. 2006). Similar estimations could be 
made for the burden of exposure to chemicals 
that decrease THs and result in IQ deficits or 
increased incidence of cardiovascular disease. It 
is important to recognize that these outcomes 
are not only relevant if “abnormal” (e.g., men-
tal retardation, clinically defined high blood 
pressure, or high cholesterol) but also relevant 
to outcomes in the “normal” range. !erefore, 
it is extremely important not to confuse the 
goal of minimizing population risk with argu-
ments focused on individual relative risk.


Conclusions
Two conclusions follow from the  recognition 
that thyroid dysfunction affects multiple end 
points and that population-attributable risk is 
greater at levels associated with lower individ-
ual risk. First, from fetal life through old age, 
people are potentially vulnerable to adverse 
health effects as a consequence of exposure 
to TDCs. Second, any degree of thyroid dis-
ruption that lowers TH levels on a popula-
tion basis should be considered a biomarker 
of increased risk of adverse outcomes. Because 
TH insufficiency in both humans and exper-
imental animals results in serious neurode-
velopmental and cardiovascular effects with 
large societal costs, chemicals with the abil-
ity to affect thyroid homeostasis should be 
carefully evaluated for potential population 
impacts. Finally, considering the complexity 
of the regulatory mechanisms affecting TH 
signaling and the variety of known TDCs that 
affect the thyroid system at different points of 
regulation, it will be essential to incorporate 
new information in human risk assessment 
 strategies as it becomes available.
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Research


To evaluate the potential of environmental
chemicals to cause harm, to estimate the risks
that chemical exposures pose to the popula-
tion, and to identify opportunities for preven-
tion and intervention, the type and extent of
adverse effects associated with exposure to a
chemical must be elucidated. To date, hazard
and risk assessments have relied largely on data
from traditional toxicologic studies, such as the
2-year, chronic toxicology and carcinogenesis
studies or the two-generation reproductive tox-
icity assay. A primary goal of these studies is to
identify whether chemical exposures cause
overt disease outcomes, such as birth defects
and neoplasia. These studies also provide data
on biological events that precede these overt
disease outcomes, often referred to as precursor
effects. Adverse effects identified in existing


hazard and risk assessments have often been
the more overt diseases or defects, rather than
events that occur earlier in the disease process.


Increasingly, toxicology assays are providing
more information on how chemicals can inter-
fere with cellular signaling or metabolism, dis-
rupt hormone homeostasis, alter gene
expression, or otherwise play a role early in dis-
ease processes. As scientific understanding of
the mechanisms through which chemical expo-
sures advance pathologic processes resulting in
disease increases, so too does the opportunity
for effective and efficient hazard identification
and risk assessment. A necessary step in incor-
porating data on early biological perturbations
is to consider how these early events relate to
the concept of “adverse effects.” The U.S.
Environmental Protection Agency (EPA)


defines an adverse effect as “a biochemical
change, functional impairment, or pathologic
lesion that affects the performance of the
whole organism, or reduces an organism’s abil-
ity to respond to an additional environmental
challenge” (U.S. EPA 2007a) and, for exam-
ple, considers such end points as alterations in
circulating levels of sex hormones to be an
adverse effect (U.S. EPA 1996). Identifying an
adverse effect forms the basis for hazard identi-
fication and for defining the critical effect for
quantitative risk assessment.


The evolution in toxicology testing from
overt disease to elucidating toxicologic path-
ways has been recognized and endorsed by the
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BACKGROUND: Assessing adverse effects from environmental chemical exposure is integral to public
health policies. Toxicology assays identifying early biological changes from chemical exposure are
increasing our ability to evaluate links between early biological disturbances and subsequent overt
downstream effects. A workshop was held to consider how the resulting data inform consideration
of an “adverse effect” in the context of hazard identification and risk assessment.
OBJECTIVES: Our objective here is to review what is known about the relationships between chemical
exposure, early biological effects (upstream events), and later overt effects (downstream events)
through three case studies (thyroid hormone disruption, antiandrogen effects, immune system disrup-
tion) and to consider how to evaluate hazard and risk when early biological effect data are available.
DISCUSSION: Each case study presents data on the toxicity pathways linking early biological pertur-
bations with downstream overt effects. Case studies also emphasize several factors that can influ-
ence risk of overt disease as a result from early biological perturbations, including background
chemical exposures, underlying individual biological processes, and disease susceptibility. Certain
effects resulting from exposure during periods of sensitivity may be irreversible. A chemical can act
through multiple modes of action, resulting in similar or different overt effects.
CONCLUSIONS: For certain classes of early perturbations, sufficient information on the disease
process is known, so hazard and quantitative risk assessment can proceed using information on
upstream biological perturbations. Upstream data will support improved approaches for consider-
ing developmental stage, background exposures, disease status, and other factors important to
assessing hazard and risk for the whole population.
KEY WORDS: adverse health effects, androgen antagonists, hazard identification, immunotoxicants,
risk assessment, science policy, thyroid hormone, toxicologic assessments. Environ Health Perspect
116:1568–1575 (2008). doi:10.1289/ehp.11516 available via http://dx.doi.org/ [Online 10 July 2008]







National Academy of Sciences and federal
agencies (Collins et al. 2008; National Research
Council 2007). These organizations note that
moving toward a focus on perturbations along
the disease pathway should result in assays that
can test more chemicals with reduced cost and
time and fewer animals, and improve the scien-
tific understanding of the relationships between
exposures and health effects.


To move toward these goals, it is neces-
sary to consider how data on early biological
changes relate to the concept of an adverse
effect and how these data might best be inte-
grated into hazard and risk assessment. To
this end, a workshop, Moving Upstream: A
Workshop on Evaluating Adverse Upstream
Endpoints for Improved Decision Making
and Risk Assessment, was held 16–17 May
2007 in Berkeley, California. 


Workshop Summary
Three case studies were presented at the work-
shop that described available data on toxico-
logic pathways connecting chemical exposures
to early upstream biological events and then to
subsequent overt effects, which are considered
“downstream”: a) thyroid hormone disruption
and related toxicities; b) antiandrogen-mediated
male reproductive effects; and c) upstream
indicators of immunosuppression. To frame
discussions in terms of implications for hazard
identification and risk assessment processes, the
case studies explored the following questions:
• What are the precursor effects or other early


biological changes linked to the case study
outcome?


• Is there sufficient evidence to associate the
upstream events with the overt downstream
effects?


• What related information would or does
enhance our understanding of the relation-
ship between the upstream event and down-
stream effects?


• Were the steps from the upstream event(s) to
the overt downstream effect(s) identified?
How does our understanding of these steps
inform the use of the upstream event as a basis
for risk assessment, particularly in situations
when we only have data on upstream events?


• How does an understanding of variability in
background biological status (e.g., susceptibil-
ity or sensitivity, genetic or otherwise) affect
our interpretation of an upstream event?


• How might each end point be influenced by
exposure to other chemicals?


• In considering an upstream biological end
point that is measured as a continuous variable
[e.g., thyroid-stimulating hormone (TSH)],
what approach should be taken in deciding
whether a certain degree of upstream change
will lead to the overt downstream outcomes
(e.g., neurodevelopmental change)? How
should changes in upstream indicators within
“normal” ranges be considered in evaluating
potential for overt downstream outcomes in
susceptible individuals and populations?


• Can the association between upstream events
and downstream effects for chemicals consid-
ered in the case study be generalized to other
chemicals that have the same upstream effects?


• What are the obstacles to the use of the
upstream event in risk assessment (hazard
identification; dose–response assessment)?
How can they be overcome?


Case Study Synopsis: 
Thyroid Hormone Disruption
and Related Toxicities
Thyroid hormone overview. The thyroid hor-
mones (TH) thyroxine (T4) and triiodothyrine
(T3) are essential to neurologic development,
skeletal growth, and normal function of the pul-
monary system, metabolism, and cardiovascular
system. This case study emphasized the effects of
thyroid disruption on neurologic development.
Hypothyroidism is a condition of persistent


deficits of TH and is diagnosed primarily by
comparing an individual’s level of TH and TSH
to population reference ranges. Untreated con-
genital (neonatal) hypothyroidism can have
severe consequences on neurologic develop-
ment. Children diagnosed with congenital
hypothyroidism are treated with T4, and even
small doses (e.g., 2 µg/kg/day) significantly
improve later cognitive performance, demon-
strating the sensitivity of the developing brain to
TH insufficiency (Oerbeck et al. 2003; Selva
et al. 2005).


Moderate maternal TH insufficiency dur-
ing pregnancy can cause lasting developmental
deficits in the child. Decrements in human
maternal T4 during the early fetal period are
associated with adverse outcomes such as
reduced IQ scores, even for small T4 deficits
that do not constitute maternal hypothyroidism
(Haddow et al. 1999; Morreale de Escobar
et al. 2000; Pop et al. 2003).


Levels of TH in the body are determined
by a complex interplay of dynamic processes,
including dietary intake of iodine (necessary
for synthesis of TH); the transport of iodine
into the thyroid; its synthesis and storage in
the thyroid gland; its release and transport
through circulation; the deiodination of T4 to
T3 in peripheral tissues; and the degradation
of TH by hepatic enzymes. TH homeostasis
is regulated through a negative feedback loop
involving the hypothalamus and pituitary.
When TH levels decline, the hypothalamus
signals the pituitary gland to release TSH,
which stimulates the thyroid to increase TH.
When levels rebound, the hypothalamus sig-
nals the pituitary to decrease TSH. Finally,
TH action is mediated through TH receptors
throughout the body.


In hazard identification and risk assess-
ment, TH levels could serve as an upstream
indicator of adverse effects on neurologic
development. Table 1 provides an overview of


Upstream adverse end points
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Table 1. Classes, mechanisms of action, and effects of thyroid-disrupting chemicals on thyroid hormone homeostasis. 


Class Mechanism Effects on thyroid hormones Chemicals


Iodine transport Inhibit uptake of iodine Decreased thyroidal synthesis of T3 and T4 Perchlorate, chlorate, bromate, nitrates, thiocyanate
Synthesis inhibitors Inhibition of thyroperoxidase Decreased thyroidal synthesis of T3 and T4 Methimazole, propylthiourea, amitrole, mancozeb, 


soy isoflavones, benzophenone 2, 
1-methyl-3-propyl-imidazole-2-thione


Transport disruption Altered binding to serum transport Unknown Hydroxylated PCBs, EMD 49209; 
proteins pentachlorophenol


Enhanced hepatic catabolism Up-regulation of Increased biliary elimination of T3 and T4 Acetochlor, phenobarbital, 3-methylcholanthrene,
glucuronylsyltransferases or PCBs, 1-methyl-3-propyl-imidazole-2-thione
sulfotransferases (via CAR/PXR 
or AhR)


Enhanced cellular transport Up-regulation of OATPs or MCT Increased biliary elimination of T3 and T4 TCPOBOP, pregnenolone-16!-carbonitrile, TCDD,
transporters via CAR/PXR or AhR rifampicin, phenobarbital, oltipraz 


Sulfotransferases Inhibition of sulfotransferases Decrease sulfation of THs Hydroxlyated PCBs, triclosan, pentachlorophenol 
Deiodinases Inhibition or upregulation Decreased peripheral synthesis of T3 FD&C Red dye no. 3, propylthiouracil, PCBs,


of deiodinases octyl-methoxycinnamate
TR agonists and antagonists Direct or indirect alterations in Altered activation of TH-dependent gene Tetrabromobisphenol A, bisphenol A, 


TR–TRE binding transcription hydroxylated PCBs


Abbreviations: AhR, aryl hydrocarbon receptor; CAR: constitutive androstane receptor; FD&C, Federal Food, Drug, and Cosmetic Act (1938); MCT, monocarboxylate transporter; OATPs,
organic anion-transporting polypeptides; PXR, pregnane X receptor; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; TCPOBOP, 1,4-bis[2-(3,5-dichloropyridyloxy)]benzene; TH, thyroid
hormone; TR, thyroid receptor; TRE, thyroid hormone response elements. Data from Crofton (2008). 







classes, mechanisms of action, and effects for
chemicals that disrupt TH homeostasis and
action. For example, perchlorate inhibits the
uptake of iodine, resulting in decreased synthe-
sis of TH. Polychlorinated biphenyls (PCBs)
and the pesticide acetochlor activate enzymes
in the liver that increase excretion of TH, thus
reducing circulating levels (Crofton 2008).


Factors influencing effects of thyroid-
disrupting chemicals. Susceptibility varies
markedly with life stage. The fetus, infant,
and child appear the most susceptible to neu-
rologic disruption. The permanent effects of
TH insufficiency on neurologic development
were discussed above. Infants are likely less
resistant to fluctuations in TH synthesis than
adults. The adult thyroid stores several
months’ supply of TH and the half-life of T4
in serum is 7–10 days (Greer et al. 2002;
Vulsma et al. 1989). In contrast, the newborn
thyroid stores a 1-day supply of TH and the
half life of T4 in serum is 3 days (Vulsma
et al. 1989). Therefore, effects on TH synthe-
sis have more profound consequences for
newborns than they do for adults.


Recognizing subpopulations at risk is a key
consideration in evaluating effects on TH levels
or action as adverse. Hypothyroidism is preva-
lent in the U.S. population. Between 1999 and
2002, 7.3% of the U.S. population " 12 years
of age reported having thyroid disease or taking
thyroid medication. Hypothyroidism is fre-
quently undetected and therefore untreated.
This condition often persists even in those who
receive treatment. Among women receiving
thyroid hormone replacement medication,
14% had TSH and T4 measurements indicat-
ing continued hypothyroidism. Pregnancy
causes an increased demand on the thyroid
gland, and hypothyroidism is twice as com-
mon during pregnancy (Aoki et al. 2007).


The current method for assessing thyroid
health may not be predictive of adverse down-
stream effects. Thyroid health is evaluated pri-
marily by comparing an individual’s level of
TH and TSH to population reference ranges.
However, there is a substantial variability


among individuals in the level of TH that rep-
resents homeostasis, and the normal range of
fluctuations for an individual is narrower than
the normal range for a population (Figure 1).
Consequently, a TH value within the popula-
tion reference range is not necessarily normal
or healthy for the individual (Andersen et al.
2002), and TH changes within the normal
population range may therefore be associated
with adverse effects for some individuals.


Assessments considering thyroid-disrupting
chemicals (TDCs) in isolation are likely to
underestimate the potential disruption of TH
levels or action by real-world chemical mixtures.
Studies of human body burdens indicate
simultaneous human exposure to multiple
TDCs, including dioxins, PCBs, perchlorate,
brominated flame retardants, bisphenol A, and
several pesticides (Centers for Disease Control
and Prevention 2008). A mixture of 18 TDCs
(dioxins, dibenzofurans and PCBs) was tested
at doses comparable to human exposure levels
for effects on serum T4 in rats. Components of
this mixture affect T4 through two different
mechanisms of action: The dioxins, dibenzo-
furans, and dioxin-like PCBs in the mixture
activate one set of liver enzymes, and the non-
dioxin-like PCBs activate a separate set of liver
enzymes. The mixture had a dose-additive
effect on T4 at environmentally relevant doses
and a 2- to 3-fold greater than dose-additive
effect on T4 at higher doses (Crofton et al.
2005), demonstrating that exposures to chemi-
cals acting on different pathways can have
cumulative effects on an upstream marker.
Assessments considering single TDCs in isola-
tion are therefore likely to underestimate the
potential disruption of TH by real-world
exposure to chemical mixtures. It is appropri-
ate to presume cumulative effects unless there
is evidence to the contrary, and it is important
for risk assessments to consider real-life
exposure mixtures.


Challenges for assessing risks of exposure to
TDCs. Currently available mathematical mod-
els may not be able to accurately predict the
effects of mixtures containing TDCs with


multiple mechanisms of action. There are also
numerous uncertainties in extrapolating thy-
roid data from laboratory animals to estimate
effects in humans, including species differ-
ences in the expression or structure of specific
functional proteins that may affect the toxicity
of specific compounds.


TH levels influence a spectrum of health
outcomes and symptoms, in addition to neuro-
logic development. Lower T4 and higher TSH
levels are correlated with adverse effects on the
pulmonary system (Mendelson and Boggaram
1991) and cardiovascular system, including
increased blood pressure and less favorable
blood lipid profiles (Asvold et al. 2007a,
2007b). A meta-analysis of 14 epidemiologic
studies found an overall increase in risk of
coronary heart disease of > 65% in those with
subclinical hypothyroidism (elevated in TSH
with normal T4) (Rodondi et al. 2006).


Conclusions regarding thyroid data. Many
environmental chemicals are capable of dis-
rupting thyroid hormone levels, and many of
these have the effect of decreasing circulating
levels of T4. Compensatory mechanisms may
not be sufficient to counteract the potential
downstream consequences of these T4 decre-
ments. First, findings in both animals and
humans indicate that even small maternal T4
decrements within the normal population
range during pregnancy can have adverse neu-
rodevelopmental consequences, such as reduc-
tion in IQ, in the developing child. Second,
fetuses and infants do not have stored thyroid
hormone, and thus have limited capacity to
respond to thyroid hormone decrements dur-
ing critical stages of development. Third, there
is a substantial prevalence of thyroid hormone
insufficiency in the population of U.S. women,
indicating that compensatory processes are
already compromised for many individuals.


Therefore, for hazard identification pur-
poses, workshop participants agreed that
TDC exposures that would result in reduced
T4 in a population should be considered an
adverse effect. Further-upstream disruptions
that result in lowered T4 levels, such as inhi-
bition of iodine uptake, should similarly be
considered adverse when their potential con-
sequences include alteration of T4 levels.
Because additivity or synergy of TDCs with
different modes of action has been demon-
strated, and background exposure to many
TDCs is common, risk assessments should
consider simultaneous exposures to multiple
agents and account for these interactions.


Because pregnancy causes an increased
demand on the thyroid gland, pregnant women
are likely to have heightened sensitivity to thy-
roid toxicants, particularly if they have low
dietary iodine or thyroid peroxidase antibodies.
These sensitive subpopulations are likely to be
sizable; for example, 38% of 126 pregnant
women in the National Health and Nutrition
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Figure 1. Distribution of 12 monthly measurements of total T4 in 15 healthy men (white bars) and one indi-
vidual (black bars). The distribution in one individual is about half the width of the distribution in the group.
Frequency represents number of measurements. Adapted from Andersen et al. (2002) with permission. 
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Examination Survey (NHANES), 2001–2002,
had low iodine intake (< 100 µg/L urinary
iodine) (Caldwell et al. 2005). Because thyroid
hormone levels affect cardiovascular risk fac-
tors, the potential impact of TDCs on the
health of adults in the general population also
is large. Therefore, effects on thyroid represent
a risk to the general population and not just
the developing organism.


Case Study Synopsis:
Antiandrogen-Mediated Male
Reproductive Effects
Overview of mammalian male reproductive
development. Early in fetal development,
male sexual differentiation is determined
by expression of a Y chromosome gene, the
sex-determining region Y (SRY). Appropriately
timed SRY expression results in differentiation
of Sertoli cells in the testes, initiating a cascade
of events that result in development and differ-
entiation of male reproductive structures and
regression of female structures. The interstitial
cells of the testes, Leydig cells, produce two
important hormones for male reproductive
development: the steroid sex hormone testos-
terone and the peptide hormone insulin-like-3
(INSL-3). Testosterone is necessary for differ-
entiation of the Wolffian duct into the epi-
didymis and secondary sex organs such as the
seminal vesicles. Both testosterone and INSL-3
are necessary for testicular descent in mam-
mals: Testosterone mediates transabdominal
descent of the testes (Klonisch et al. 2004),
whereas INSL-3 is necessary for gubernacular
ligament development. Contraction of the
gubernaculums causes the inguino-scrotal
descent of the testes into the scrotum (Wilson
et al. 2004). Disruption of testosterone and/or
INSL-3 production or action can result in
cryptorchidism (undescended testes), one of
the most common birth defects in humans.


Exposure to antiandrogens during fetal
life. During fetal life, there is a transient peak
in testosterone levels necessary for proper
development of male reproductive tissues.
Disruption in androgen action during this
critical time window results in a number of
abnormalities that consistently develop in lab-
oratory animals (e.g., rats and rabbits), includ-
ing retained female structures, such as nipples
in male rodents, and malformations of male
reproductive structures, such as hypospadias
(an abnormal location of the urethral opening)
and cryptorchidism.


Multiple modes of action can disrupt
androgen activity, including a decrease in
testosterone production or interference with
androgen receptor binding. Each of these
modes of action has been well described in
the literature for two different classes of
chemicals with antiandrogenic effects.


First, carboximide pesticides such as lin-
uron, vinclozolin, and procymidone are classic


antiandrogens in that they bind antagonisti-
cally to the androgen receptor (AR), interfering
with endogenous testosterone and dihydro-
testosterone binding to the AR, and thus
decreasing the expression of androgen-depen-
dent genes. In fetal rat studies, exposure to
these chemicals has been consistently associated
with retained nipples, decreased sperm counts,
decreased anogenital distance, hypospadias,
and decreased size or agenesis of the accessory
sex glands (Gray et al. 2006). The severity of
effects increases with the dose.


Second, there are certain phthalates—
industrial chemicals with widespread exposure
in the general population—that do not bind
to the AR but do interfere with androgen
activity by inhibiting testosterone synthesis.
Specifically, phthalates with four to six carbon
side-chains interfere with testosterone produc-
tion by inhibiting cholesterol uptake into the
mitochondria by steroidogenic acute regulatory
protein and by inhibiting some, but not all, of
the enzymes in the steroidogenic pathway
(Barlow et al. 2003). These phthalates have
been most consistently shown to reduce testos-
terone production in animal research to date,
though other phthalates may be important
(Gray et al. 2000; Liu et al. 2005).


Rat studies have demonstrated that a
phthalate-induced decrease in testosterone
results in a syndrome of anti-androgenic repro-
ductive abnormalities, referred to as the
“phthalate syndrome,” which is characterized
by malformations of the epididymis, vas defer-
ens, seminal vesicles, and prostate; hypospa-
dias, cryptorchidism, and testicular injury;
permanent changes (feminization) in the reten-
tion of nipples and areolae (sexually dimorphic
structures in rodents); and demasculinization
of the growth of the perineum, resulting in a
reduced anogenital distance (Mylchreest et al.
2000). As with other antiandrogenic chemicals,
the severity of effects increases with dose.


The carboximide pesticides and four to six
side-chain carbon phthalates have different
modes of action resulting in the same spectrum
of adverse outcomes in male reproductive
development. In the developing male repro-
ductive tissues, disruption of either of these
two parts of the androgen action pathway con-
verges into a final common pathway: a decrease
in androgen-dependent gene expression.


The spectrum of effects seen in phthalate
syndrome parallels a spectrum of human dis-
eases called “testicular dysgenesis syndrome”:
infertility, cryptorchidism, hypospadias, and
testicular cancer. Several epidemiologic stud-
ies have shown associations between certain
phthalate metabolites and male developmen-
tal reproductive outcomes, including short-
ened anogenital distance in male infants
prenatally exposed to phthalates (Swan et al.
2005), changes in reproductive hormone lev-
els in male infants exposed to phthalates in


breast milk (Main et al. 2006), and poor
semen quality in adult males (Hauser et al.
2006). The exposure levels in most subjects in
these studies were comparable to the general
population exposures.


Antiandrogen effects as adverse end points
in hazard identification and risk assessment.
An antiandrogenic agent, therefore—one that
reduces androgen action by any mode of
action (e.g., binding to the androgen receptor,
or via interference with androgen synthesis)—
can be predictably associated with a series of
adverse end points in animals and likely also
in humans. Several additional scientific find-
ings need also be considered when consider-
ing antiandrogen effects as upstream adverse
end points.


Specific periods during development
are uniquely susceptible to perturbations.
Experiments in rats have demonstrated that
both the dose and the timing of exposure are
important for development of phthalate syn-
drome. Gestation days 12–19 have been iden-
tified as a sensitive period in rats, during
which exposure to dibutyl phthalate induces
phthalate syndrome, with some irreversible
effects (Carruthers and Foster 2005).


Hydrolytic phthalate monoesters are the
bioactive metabolites responsible for phthalate
toxicity. Excretion of phthalate monoesters in
urine is enhanced by glucuronide conjugation.
Experiments in rats have shown the glu-
curonidation pathway is immature and ineffi-
cient during the period of susceptibility for
phthalate syndrome. This relatively low level of
glucuronidation compared to adults could ren-
der the fetus much more susceptible to the bio-
logically active phthalate metabolites during a
critical period of sexual development. Exposure
to rats during this period of gestation has
demonstrated the proportion of free phthalate
monoesters relative to glucuronidated phtha-
late monoesters in amniotic fluid is much
higher than levels in the urine of the pregnant
dam (Calafat et al. 2006).


Exposure to mixtures of AR antagonists
and androgen synthesis disruptors. More than
95% of the population from 6 to > 65 years of
age are exposed to at least five phthalates on a
regular basis (Silva et al. 2004). Recent studies
show that exposure to mixtures of chemicals
that interfere with androgen action results in
dose-additive effects. Rats exposed to a mixture
of AR antagonists, vinclozolin, procymidone,
and flutamide, all acting through the same
mode of action, at doses that would not have
caused hypospadias alone, resulted in > 50% of
the animals having hypospadias (Christiansen
et al. 2008). Rider et al. (2008) found that pre-
natal exposure to a mixture of seven phthalates
and pesticides with differing modes of action
(i.e., AR antagonist or inhibition of androgen
synthesis) produced cumulative, dose-additive
outcomes in the androgen-dependent tissues.


Upstream adverse end points
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Exposures to phthalates can result in
adverse effects from modes of action other
than disrupting testosterone synthesis. In
addition to inhibiting the production of testos-
terone, phthalates also interfere with pro-
duction of INSL-3, which is necessary for
gubernaculum development (Wilson et al.
2004) and subsequent descent of the testis into
the scrotum. Unique to phthalate exposure is
an absence of the gubernacular ligament in
males exposed in utero. Thus, phthalates can
act through two different modes of action to
cause cryptorchidism.


Conclusion regarding antiandrogen data.
The prenatal exposure of males to antiandro-
genic chemicals illustrates several important
points when considering upstream indicators
of adverse effects: First, it is necessary for expo-
sure to occur during the critical window, the
period of reproductive organ development, in
order for certain developmental effects to be
observed. Second, perturbations early in the
development of the male reproductive system
predictably result in a wide array of adverse
outcomes that are permanent and irreversible.
Third, exposures to different chemicals with
different modes of action can result in the same
outcomes due to a deficiency in androgen-
mediated gene expression. Finally, exposure to
one chemical can have multiple modes of
action with effects on the same end point. In
summary, exposures to antiandrogens can
cause adverse effects in upstream indicators,
including a reduction in fetal testosterone lev-
els or androgen receptor binding, which can
increase the risk of a constellation of down-
stream effects including cryptorchidism,
hypospadias, and, later in life, infertility.


Case Study Synopsis: Immune
Function, Immunotoxicity, and
Resistance to Infection and
Neoplasia: The Downstream
Impacts of Unintended
Immunosuppression
Immune system overview. The immune system
consists of a complex system of tissues, cells, and
soluble mediators that protects the body against
foreign substances, including infectious agents
and some types of tumor cells. Immune cells are
located throughout the body, either in discrete
organs, such as the spleen, thymus, and lymph
nodes, or in diffuse accumulations of lymphoid
and myeloid cells, as are found in association
with the skin, lungs, and gastrointestinal tract.
Destruction of infectious agents relies on both
innate and adaptive immune responses. Innate
responses are rapid, do not require clonal expan-
sion, and are stimulated by recognition of
pathogen-associated molecules by macrophages,
natural killer cells, and granulocytes. Adaptive,
or acquired antigen-specific responses, rely on
antigen recognition and subsequent events that
culminate in cell proliferation and maturation,


mediator production, and generation of long-
lived memory cells that respond rapidly on sub-
sequent exposures to the same or closely related
antigens. The acquired immune response is
mediated by two types of lymphocytes, T cells
and B cells. T cells are a source of soluble media-
tors known as cytokines that stimulate other
immune system cells, including B cells, and act
as effector cells with cytotoxic activity. B cells
mature into plasma cells, which serve to produce
immunoglobulins (Ig), or antibodies, of various
subclasses, including IgM, IgG, IgE, IgA, and
IgD. Each of these antibody subclasses serves a
unique function in the immune response.


Factors influencing immune function.
Numerous factors influence the outcome of
an encounter with an infectious agent. Innate
defenses, critical in the early phase of resis-
tance, may be overcome by large numbers of
infectious agents. The virulence of the
pathogen may also prevent effective innate
and acquired responses from eliminating
microorganisms before infection ensues. Host
attributes such as age, sex, genotype, lifestyle,
and disease status all influence immunocom-
petence, and each may influence the inci-
dence or severity of infections.


Newborns are not immunologically mature
at birth and are thus at increased risk of infec-
tion. Protective antibodies are transferred from
mother to fetus across the placenta and to the
newborn in breast milk, although passive pro-
tection decreases rapidly as these proteins are
catabolized. Average IgM and IgG antibody
levels do not reach 50% of adult levels until
7–12 months, and IgA reaches adult levels by
3–5 years. A preponderance of naive T cells
(90% vs. 50% in adults) contributes to
reduced cell-mediated immunity in the young.
Immunocompetence also declines with
advanced age; however, few studies have evalu-
ated the effects of immunotoxicants in older
laboratory animals and humans.


Studies in laboratory animals and humans
have established that extrinsic factors, including
environmental chemicals, drugs, physical
agents, and psychological factors may influence
the course of infection. Furthermore, un-
intended immunosuppression resulting from
exposure to environmental chemicals alone or
in combination with other intrinsic and extrin-
sic factors can shift the distribution of normal
immune response, resulting in an increase in
individuals classified as “immunosuppressed.”
Immunosuppressed individuals might express
alterations of immune function such as reduced
antibody production, decreased immune cell
counts, or ineffective cell signaling. Recent data
also suggest that, in addition to suppression,
developmental exposure (i.e., exposure from
birth through puberty) to certain chemicals
may shift the pattern of cytokine production,
leading to a greater incidence of allergy and
asthma (Luebke et al. 2006).


Effects on the immune system during periods
of susceptibility. In a review of select develop-
mental immunotoxicology literature, Luebke
et al. (2006) concluded that exposure to envi-
ronmental chemicals during key developmental
periods can affect immune function in labora-
tory animals. Developmental exposure sup-
presses T-cell function through adolescence in
mice and throughout adulthood in rats.
Gestational/neonatal exposure to diazepam
(DZP) and diethylstilbestrol (DES) in rodents
can cause long-lasting (up to lifetime) effects on
the immune system, including suppression of
IgM and IgG antibody responses and nonspe-
cific lymphocyte proliferation (DES) at doses
that cause only short-term immunotoxicity in
adults. Developmental exposure to DZP, lead,
or tributyltin oxide caused immunotoxicity at
lower doses in young than in mature animals,
and developmental effects were persistent.
Clinical experience indicates that adult immune
function typically recovers soon after therapeutic
immunosuppressive treatment ends. However,
the developmental data suggest that screening
chemicals exclusively in adult animals may fail
to detect persistent effects or those effects that
occur at lower doses (Luebke et al. 1999).


Immune function also declines with age, as
do the normal physiologic processes that limit
microbial invasion. Although data are limited,
this suggests that relatively small changes in
immune function resulting from chemical
exposure may have more severe consequences if
combined with normal immunosenescence.


Several epidemiologic studies have described
associations between early-life chemical expo-
sure, altered immune end points, and frequency
of infections. Increased incidence of otitis
media and respiratory infections were reported
in children exposed to PCBs (Dallaire et al.
2006; Dewailly et al. 2000; Nakanishi et al.
1985; Weisglas-Kuperus et al. 2000; Yu et al.
1998). For example, at 3 months of age, multi-
ple upstream indicators of impaired immune
function were detected in breast-fed infants
with higher PCB exposure levels, including
reduced numbers of white blood cells and lym-
phocytes, and lower serum IgA levels at 7 and
12 months of age (Dewailly et al. 2000). These
studies also reported changes in immune system
biomarkers, such as changes in blood cell
counts and T-cell subsets or decreased serum Ig
levels with increasing PCB exposures (Karmaus
et al. 2001; Weisglas-Kuperus et al. 2000).
Antibody responses to tetanus toxoid vaccine
were significantly decreased after early postnatal
PCB exposure (Heilmann et al. 2006).


Individuals with very severe forms of
immunosuppression, as occur in primary
immunodeficiency diseases and AIDS, fre-
quently develop opportunistic infections.
Xenobiotic agents are likely to cause consider-
ably more subtle immunologic effects. The
interaction among host genetics, pathogen
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virulence, and pathogen dose plays a role in
determining the frequency and severity of ill-
ness. For individuals exhibiting mild immuno-
suppression, as may be associated with
xenobiotic chemical exposure, the infectious
dose of a given pathogen may be lower than
that which would cause disease in an individual
whose immune system is functioning opti-
mally. Limited studies in populations with mild
forms of immunosuppression (e.g., under psy-
chological stress or administered immuno-
suppressive therapies) have provided qualitative
evidence that moderate changes in immune
function can also lead to an increased incidence
of infectious or neoplastic diseases (Cohen et al.
1991; Kiecolt-Glaser et al. 2002).


Conclusions regarding immunosuppression
data. In summary, exposures to environmen-
tal contaminants have the potential to affect
upstream immune indicators, including anti-
body synthesis, T-cell function, and other
measures of immunocompetence, which can
result in compromised downstream resistance
to infection. However, the impact of back-
ground levels of xenobiotics on the burden of
disease has not been clearly established. If a
positive correlation between increasing expo-
sure and disease is assumed, then even small
changes in immune function will represent an
increased risk for developing disease.


Common Themes
The case studies demonstrate that certain toxi-
city pathways are understood well enough that
screening assays to identify early biological
changes could be used for hazard identification
and risk assessment. For example, if a chemical
is found to suppress thyroid function, the asso-
ciated data could be used to assess risk for
developmental neurotoxicity, because the latter
effect can be predicted on the basis of the
mechanism of action alone. Similarly, when a
chemical is found to be antiandrogenic, the
current science would support using the data
to assess increased risk of developmental
effects. Data from whole-animal tests of the
downstream outcomes would not be required
for risk assessment of these outcomes. The
findings of this workshop support the recent
National Academy of Sciences recommenda-
tion that toxicity testing move toward the
direct assessment of upstream events along tox-
icity pathways and gradually move away from
the current whole-animal end point–based
assays (National Research Council 2007).


The workshop also explored some of the
challenges that arise when using upstream
events to assess the adverse effects of chemical
exposures during hazard identification or risk
assessment. Several common themes emerged
from the case study discussions. Some of these
themes are not unique to the use of upstream
indicators as the basis of hazard identification
and risk assessment. Rather, they underscore


issues that should be addressed in existing haz-
ard identification and risk assessment practices.


Chemical and biological background. Each
of the case studies illustrated the importance of
considering preexisting or continuous exposure
to environmental chemicals as well as preexist-
ing biological or disease susceptibilities that
contribute independently to risk of overt dis-
ease. Preexisting exposures or biological vulner-
abilities can increase the baseline risk of the
population or enhance already initiated disease
processes (Figure 2). Consequently, slight per-
turbations in upstream biological indicators are
more likely to increase risk of subsequent
downstream events given an already more acti-
vated state among segments of the population.


Chemical background and exposure to
mixtures. NHANES data indicate that the
entire U.S. population has measurable levels of
multiple environmental contaminants in their
bodies (Centers for Disease Control and
Prevention 2008). Other studies of exposure
pathways show the population is in constant
contact with xenobiotics in air, food, water,
and consumer products (Environmental
Working Group 2005, 2007; National Library
of Medicine 2008; U.S. EPA 2007b; U.S.
Food and Drug Administration 2007). U.S.
EPA guidelines for mixtures risk assessment
recommend default assumptions of dose addi-
tivity for mixtures of chemicals with similar
toxicologic activity and response additivity for
mixtures of chemicals that act independently
(U.S. EPA 2000a). The case studies showed
that these preexisting and concurrent exposures
can increase the effect a given chemical expo-
sure has on disease risk, consistent with the
dose-additivity default. For example, separate
studies of antiandrogenic chemicals and thy-
roid-disrupting chemicals found that mixtures
of chemicals acting on common systems via
different modes of action had dose-additive
effects. Although a less-than-additive response
[referred to in the U.S. EPA mixtures guide-
lines as “antagonism” (U.S. EPA 2000a)], or a


greater than additive response (“synergism”)
are possibilities, the case studies support appli-
cation of dose additivity as a default, as recom-
mended in the guidelines. Considering the
influence of multiple chemical exposures on
upstream events can facilitate a more realistic
characterization of the risks of downstream
effects when assessing a single chemical that is
an additional increment to the background
exposure mixture.


Biological background. Background
health status, as influenced by age, preexisting
disease, genetics, and other factors, can influ-
ence the effect of chemical exposure on
upstream and downstream adverse end points.
For example, the implications of a chemical’s
interference with iodine uptake into the thy-
roid are substantially greater for an infant than
for an adult because of differences in thyroid
hormone storage and circulating half life.
Likewise, the implications are greater for the
38% of pregnant women in the United States
who are deficient in iodine (Aoki et al. 2007)
and who simultaneously have greater thyroid
hormone needs to support the neurologic
development of a fetus. Individuals with pre-
existing immune suppression, such as organ
transplant patients, those who are HIV posi-
tive, and those at early or late life stages, might
experience disproportionately higher disease
risk due to chemical exposure.


Periods of susceptibility. Exposure to envi-
ronmental chemicals during periods of suscep-
tibility can pose a unique risk of subsequent
downstream effects, both in the short and long
term, as well as diminished capacity for recov-
ery from decrements to physiological systems.
For example, exposure to thyroid-disrupting
chemicals such as perchlorate during the fetal
and early child development can produce
adverse effects on neurologic development by
decreasing TH levels; the same mild perturba-
tions in TH levels would not present an
adverse challenge to a healthy adult. Similarly,
to impair male reproductive development in
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Figure 2. Distribution of a typical physiological parameter within the population and how that may vary
depending on the influence of chemical and biologic background.
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rodents, exposure to phthalates must occur
during gestation days 12–19. When exposure
occurs during periods of developmental sus-
ceptibility, the dose required to produce an
effect will typically be lower than the dose
required to produce effects in fully developed,
healthy adults.


Multiple or complex modes of action.
Exposure to a chemical can influence disease
processes through multiple modes of action and
also increase the risk of more than one down-
stream, overt effect. Hence, measurements that
focus on a particular pathway or individual
downstream event may provide an incomplete
picture of the range of effects produced by the
chemical. Phthalates work through multiple
pathways to decrease androgen production but
also interfere with the production of INSL-3.
The resulting deficits in these hormones during
male fetal development can increase the risk of
several different downstream effects, both man-
ifested early in life (e.g., cryptorchidism) and
later in life (e.g., effects on sperm). Data inter-
pretations therefore should consider the possi-
bility of a complex set of modes of action that
produce adverse effects on the whole system.
Focusing on one single aspect of these complex
modes of action can result in inadequate
characterization of system response.


Continuous versus discrete events. Overt
downstream effects, such as cancer, birth
defects, and infectious illnesses are typically dis-
crete events. In contrast, upstream indicators of
adverse effects, such as changes in hormone
levels or cellular markers of immune function,
are often measured on a continuous scale. Risk
assessment practices recognize differences in
frequency of discrete events as an indication of
an adverse effect. Characterization of changes
in continuous outcomes in risk assessment
requires further consideration.


One key issue is assessing the level of
change constituting adversity. Should any
chemical-induced increase or decrease be con-
sidered adverse? Should there be a focus on
particular cut points in the distribution of
population or individual baseline levels? These
questions should be considered in the context
of the issues of background exposures and age-
related susceptibilities noted above. One possi-
bility is to consider that deviations from
expected baseline (e.g., for a given individual,
with all its characteristics, susceptibilities, age,
sex, physiologic state) will increase the proba-
bility (risk) of downstream adverse effects. For
example, changes in biological function dur-
ing susceptible periods, such as during devel-
opment, can increase risk of subsequent
downstream events compared to biological
function changes of the same magnitude at
other life stages. Whether the perturbation is
reversible and whether it is possible to use
population reference ranges to detect adversity
are two key questions that may arise in the


process of considering continuous upstream
indicators of adverse effects.


Reversibility. Biological perturbations
resulting from chemical exposure are often
evaluated in regard to whether they are
reversible. For example, exposure to chemicals
can result in immune system suppression and
increased opportunity for infections. A sup-
pressed immune system may recover once
chemical exposure is stopped, and the risk of
infectious disease returns to original levels.
However, for assessments of a constant chronic
or lifetime exposure, recovery from shorter
duration exposures should not be considered
when evaluating whether the observed response
is adverse. Whether a perturbation is reversible
can depend on intrinsic factors, such as age or
disease status, and extrinsic factors, such as pre-
existing or co-exposures to other contaminants
or the timing of exposure. For example, gesta-
tional and neonatal exposure to DZP and DES
in rodents can cause long-lasting effects on
immune function; in contrast, adult rodents
exposed to the same dose experience reversible
effects (Luebke et al. 2006).


Population variability and defining the
normal range. Basing the definition of “nor-
mal” function for a biologic parameter on
population reference ranges may not reflect
an individual’s normal range or variability
and may fail to detect an adverse effect. For
example, an individual may experience an
adverse decline in thyroid hormone but still
remain within the normal population refer-
ence range (Figure 1). For situations in which
the interindividual variability in a continuous
upstream indicator is high, alternative methods
to detect adverse changes in the biologic
parameter will need to be developed.


Conclusions and
Recommendations
Workshop participants concluded that for the
toxicity pathways represented in these case
studies, it may be feasible to move toward
using direct evaluation of upstream mechanis-
tic indicators as the basis for risk assessment
and decision-making.


The case studies illustrate the complexities
of the biological changes influenced by
exposures to environmental contaminants.
Capturing and translating the complexities of
the science is an ongoing challenge in the regu-
latory and policy arena. While science pursues
new areas of inquiry, decision making requires
timely answers to questions about risks and haz-
ards to public health in order to mitigate future
or current potential harm. The regulatory con-
text also requires a different sufficiency of evi-
dence whereby regulatory decisions can be
made based on evidence that a chemical is likely
to cause a particular outcome. The value of a
parallel-tracks approach was noted, in which
scientific investigation continues in one track


while development of appropriate principles
and practices for assessing the emerging science
for timely public health–based decision-making
continues in another.


Identifying classes of upstream events. The
case studies of thyroid perturbation, anti-
androgen activity, and certain types of immune
changes each represent a class of perturbations
whose links to downstream events were deter-
mined by workshop participants to be suffi-
ciently characterized by the data to move
toward considering issues of implementation.
A suggested next step is to evaluate chemicals
for their ability to cause the upstream pertur-
bation identified in the case studies. For these
chemicals, hazard and risk assessment could be
initiated with data on the relationship between
exposures and early perturbations. Fewer data
are needed for subsequent downstream events,
given what is already known on risks linking
the pathway from early to late events, and
with the presumption that downstream conse-
quences are likely to occur when the upstream
perturbation is observed.


Participants noted other types of early bio-
logical perturbations that were not discussed in
the case studies but that are also likely suffi-
ciently characterized as to be defined as a class.
Early biological perturbations that appeared to
be sufficiently characterized include certain
high affinity and persistent interactions with the
Ah receptor, changes in hormonal responses
[which are identified in reproductive toxicity
risk assessment guidelines as an adverse event
(U.S. EPA 1996)], and cholinesterase inhibi-
tion [which has been identified as an indicator
of adverse effects (U.S. EPA 2000b)]. It would
also be beneficial to expand the list to include
biological perturbations that appear common to
many environmental chemicals, such as effects
on birth weight or liver function.


Participants emphasized that additional
information on upstream indicators does not
necessarily reduce uncertainty, although it does
add more information about the exposure–
disease continuum and increases the predictive
power of risk assessment and can demonstrate
greater variability across study subjects than
previously recognized. Hence, using upstream
indicators does not necessarily mean reducing
applicable uncertainty or adjustment factors.


Next steps. The case studies suggest
chemical exposure–induced changes in
upstream biological markers have utility for
hazard identification and risk assessment. The
approaches to using these upstream indicators
should consider factors such as biological back-
ground, chemical background (and the poten-
tial for dose additivity or synergism), periods of
susceptibility, and multiple and complex
modes of action that can increase the risk of
subsequent downstream events. The case stud-
ies also illustrated the need to better integrate
the nonzero baseline concept into hazard and
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risk assessment—in other words, background
exposures and processes can confer a greater
potential for effects than when exposure to a
chemical is considered in isolation. An impor-
tant implication of this concept is that the cur-
rent framework for addressing risks from
noncancer health effects no longer fits with
what we know about the science and needs of
the decision-maker for current understanding
of potential risk. Disease status, susceptibility,
and chemical background are critical to
consider when assessing the implications of
exposure, as they can put a portion of the
population in the dose range where small
incremental exposures can increase risk of
downstream events. This suggests that the
assumption of a threshold dose level—below
which no deleterious effects occur (U.S. EPA
2002)—may not apply, and incorporating
concepts traditionally used for nonthreshold
events should be considered.


REFERENCES


Andersen S, Pedersen KM, Bruun NH, Laurberg P. 2002.
Narrow individual variations in serum T4 and T3 in normal
subjects: a clue to the understanding of subclinical thyroid
disease. J Clin Endocrinol Metab 87:1068–1072.


Aoki Y, Belin RM, Clickner R, Jeffries R, Phillips L, Mahaffey KR.
2007. Serum TSH and total T4 in the United States popula-
tion and their association with participant characteristics:
National Health and Nutrition Examination Survey
(NHANES 1999–2002). Thyroid 17:1211–1223.


Asvold BO, Bjoro T, Nilsen TI, Vatten LJ. 2007a. Association
between blood pressure and serum thyroid-stimulating
hormone concentration within the reference range: a
population-based study. J Clin Endocrinol Metab 92:841–845.


Asvold BO, Vatten LJ, Nilsen TI, Bjoro T. 2007b. The association
between TSH within the reference range and serum lipid
concentrations in a population-based study. The HUNT
Study. Eur J Endocrinol 156:181–186.


Barlow NJ, Phillips SL, Wallace DG, Sar M, Gaido KW, Foster
PM. 2003. Quantitative changes in gene expression in fetal
rat testes following exposure to di(n-butyl) phthalate.
Toxicol Sci 73:431–441.


Calafat AM, Brock JW, Silva MJ, Gray LE Jr. Reidy JA, Barr
DB, et al. 2006. Urinary and amniotic fluid levels of phtha-
late monoesters in rats after the oral administration of
di(2-ethylhexyl) phthalate and di-n-butyl phthalate.
Toxicology 217:22–30.


Caldwell KL, Jones R, Hollowell JG. 2005. Urinary iodine con-
centration: United States National Health And Nutrition
Examination Survey 2001–2002. Thyroid 15:692–699.


Carruthers CM, Foster PM. 2005. Critical window of male repro-
ductive tract development in rats following gestational
exposure to di-n-butyl phthalate. Birth Defects Res
74:277–285.


Centers for Disease Control and Prevention. 2008. National
Report on Human Exposure to Environmental Chemicals.
Available: http://www.cdc.gov/exposurereport/ [accessed
24 January 2008].


Christiansen S, Scholze M, Axelstad M, Boberg J, Kortenkamp
A, Hass U. 2008. Combined exposure to anti-androgens
causes markedly increased frequencies of hypospadias in
the rat. Intl J Androl 31:241–248.


Cohen S, Tyrrell DA, Smith AP. 1991. Psychological stress and
susceptibil ity to the common cold. N Engl J Med
325:606–612.


Collins FS, Gray GM, Bucher JR. 2008. Toxicology. Transforming
environmental health protection. Science 319:906–907.


Crofton KM. 2008. Thyroid disrupting chemicals: mechanisms
and mixtures. Int J Androl 31:209–223.


Crofton KM, Craft ES, Hedge JM, Gennings C, Simmons JE,
Carchman RA, et al. 2005. Thyroid-hormone-disrupting
chemicals: evidence for dose-dependent additivity or syn-
ergism. Environ Health Perspect 113:1549–1554.


Dallaire F, Dewailly É, Vezina C, Muckle G, Weber JP, Bruneau
S, et al. 2006. Effect of prenatal exposure to polychlori-
nated biphenyls on incidence of acute respiratory infec-
tions in preschool Inuit children. Environ Health Perspect
114:1301–1305.


Dewailly E, Ayotte P, Bruneau S, Gingras S, Belles-Isles M, Roy
R. 2000. Susceptibility to infections and immune status in
Inuit infants exposed to organochlorines. Environ Health
Perspect 108:205–211.


Environmental Working Group. 2005. National Tap Water
Quality Database. Available: http://www.ewg.org/sites/
tapwater/ [accessed March 13 2008].


Environmental Working Group. 2007. Skin Deep Cosmetic
Safety Database. Available: http://www.ewg.org/node/
21599 [accessed March 13 2008].


Federal Food, Drug, and Cosmetic Act. 1938. Public Law 75-717. 
Gray LE Jr, Ostby J, Furr J, Price M, Veeramachaneni DN,


Parks L. 2000. Perinatal exposure to the phthalates DEHP,
BBP, and DINP, but not DEP, DMP, or DOTP, alters sexual
differentiation of the male rat. Toxicol Sci 58:350–365.


Gray LE Jr, Wilson VS, Stoker T, Lambright C, Furr J, Noriega N,
et al. 2006. Adverse effects of environmental antiandro-
gens and androgens on reproductive development in
mammals. Int J Androl 29:96–104; discussion 105–108.


Greer MA, Goodman G, Pleus RC, Greer SE. 2002. Health
effects assessment for environmental perchlorate conta-
mination: the dose response for inhibition of thyroidal
radioiodine uptake in humans. Environ Health Perspect
110:927–937.


Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight GJ,
Gagnon J, et al. 1999. Maternal thyroid deficiency during
pregnancy and subsequent neuropsychological develop-
ment of the child. N Engl J Med 341:549–555.


Hauser R, Meeker JD, Duty S, Silva MJ, Calafat AM. 2006.
Altered semen quality in relation to urinary concentrations
of phthalate monoester and oxidative metabolites.
Epidemiology 17:682–691.


Heilmann C, Grandjean P, Weihe P, Nielsen F, Budtz-
Jorgensen E. 2006. Reduced antibody responses to vacci-
nations in children exposed to polychlorinated biphenyls.
PLoS Med 3:e311.


Karmaus W, Kuehr J, Kruse H. 2001. Infections and atopic dis-
orders in childhood and organochlorine exposure. Arch
Environ Health 56:485–492.


Kiecolt-Glaser JK, Robles TF, Heffner KL, Loving TJ, Glaser R.
2002. Psycho-oncology and cancer: psychoneuroimmunol-
ogy and cancer. Ann Oncol 13 (suppl 4):165–169.


Klonisch T, Fowler PA, Hombach-Klonisch S. 2004. Molecular
and genetic regulation of testis descent and external geni-
talia development. Dev Biol 270:1–18.


Liu K, Lehmann KP, Sar M, Young SS, Gaido KW. 2005. Gene
expression profiling following in utero exposure to phtha-
late esters reveals new gene targets in the etiology of tes-
ticular dysgenesis. Biol Reprod 73:180–192.


Luebke RW, Chen DH, Dietert R, Yang Y, King M, Luster MI.
2006. The comparative immunotoxicity of five selected
compounds following developmental or adult exposure.
J Toxicol Environ Health B Crit Rev 9:1–26.


Luebke RW, Copeland CB, Andrews DL. 1999. Effects of aging
on resistance to Trichinella spiralis infection in rodents
exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Toxicology
136:15–26.


Main KM, Mortensen GK, Kaleva MM, Boisen KA, Damgaard
IN, Chellakooty M, et al. 2006. Human breast milk contami-
nation with phthalates and alterations of endogenous
reproductive hormones in infants 3 months of age. Environ
Health Perspect 114:270–276.


Mendelson CR, Boggaram V. 1991. Hormonal control of the sur-
factant system in fetal lung. Annu Rev Physiol 53:415–440.


Morreale de Escobar G, Obregón MJ, Escobar del Rey F. 2000.
Is neuropsychological development related to maternal
hypothyroidism or to maternal hypothyroxinemia? J Clin
Endocrinol Metab 85:3975–3987.


Mylchreest E, Wallace DG, Cattley RC, Foster PM. 2000.
Dose-dependent alterations in androgen-regulated male


reproductive development in rats exposed to di(n-butyl)
phthalate during late gestation. Toxicol Sci 55:143–151.


Nakanishi Y, Shigematsu N, Kurita Y, Matsuba K, Kanegae H,
Ishimaru S, et al. 1985. Respiratory involvement and
immune status in yusho patients. Environ Health Perspect
59:31–36.


National Library of Medicine. 2008. Household Products
Database. Available: http://householdproducts.nlm.nih.
gov/index.htm [accessed March 13 2008].


National Research Council. 2007. Toxicity Testing in the 21st
Century: A Vision and Strategy. Washington, DC: National
Academies Press.


Oerbeck B, Sundet K, Kase BF, Heyerdahl S. 2003. Congenital
hypothyroidism: influence of disease severity and L-thyroxine
treatment on intellectual, motor, and school-associated
outcomes in young adults. Pediatrics 112:923–930.


Pop VJ, Brouwers EP, Vader HL, Vulsma T, van Baar AL, de
Vijlder JJ. 2003. Maternal hypothyroxinaemia during early
pregnancy and subsequent child development: A 3-year
follow-up study. Clin Endocrinol (Oxf) 59:282–288.


Rider CV, Furr J, Wilson VS, Gray LE. 2008. A mixture of seven
antiandrogens induces reproductive malformations in rats.
International J Androl 31:249–262.


Rodondi N, Aujesky D, Vittinghoff E, Cornuz J, Bauer DC. 2006.
Subclinical hypothyroidism and the risk of coronary heart
disease: a meta-analysis. Am J Med 119:541–551.


Selva KA, Harper A, Downs A, Blasco PA, Lafranchi SH. 2005.
Neurodevelopmental outcomes in congenital hypo-
thyroidism: comparison of initial T4 dose and time to reach
target T4 and TSH. J Pediatr 147:775–780.


Silva MJ, Barr DB, Reidy JA, Malek NA, Hodge CC, Caudill SP,
et al. 2004. Urinary levels of seven phthalate metabolites in
the U.S. population from the National Health and Nutrition
Examination Survey (NHANES) 1999–2000. Environ Health
Perspect 112:331–338.


Swan SH, Main KM, Liu F, Stewart SL, Kruse RL, Calafat AM,
et al. 2005. Decrease in anogenital distance among male
infants with prenatal phthalate exposure. Environ Health
Perspect 113:1056–1061.


U.S. EPA. 1996. Guidelines for Reproductive Toxicity Risk
Assessment. Washington, DC:Risk Assessment Forum,
U.S. Environmental Protection Agency.


U.S. EPA. 2000a. Supplementary Guidance for Conducting Health
Risk Assessment of Chemical Mixtures EPA/630/R-00/002.
Washington, DC: U.S. Environmental Protection Agency.


U.S. EPA. 2000b. The Use of Data on Cholinesterase Inhibition
for Risk Assessments of Organophosphorous and
Carbamate Pesticides. Washington, DC:Office of Pesticide
Programs, U.S. Environmental Protection Agency.


U.S. EPA. 2002. A Review of The Reference Dose and Reference
Concentration Processes. EPA/630/P-02/002F. Washington,
DC:Risk Assessment Forum, U.S. Environmental Protection
Agency.


U.S. EPA. 2007a. Integrated Risk Information System (IRIS):
Glossary of IRIS Terms. Available: http://www.epa.gov/
ncea/iris/help_gloss.htm [accessed 10 May 2007].


U.S. EPA. 2007b. Where You Live. Available: http://www.epa.
gov/air/where.html [accessed 13 March 2008].


U.S. Food and Drug Administration. 2007. Pesticides, Metals,
Chemical Contaminants and Natural Toxins. Available:
http://www.cfsan.fda.gov/~lrd/pestadd.html [accessed
13 March 2008].


Vulsma T, Gons MH, de Vijlder JJ. 1989. Maternal-fetal transfer
of thyroxine in congenital hypothyroidism due to a total
organification defect or thyroid agenesis. N Engl J Med
321:13–16.


Weisglas-Kuperus N, Patandin S, Berbers GA, Sas TC, Mulder
PG, Sauer PJ, et al. 2000. Immunologic effects of back-
ground exposure to polychlorinated biphenyls and dioxins
in Dutch preschool children. Environ Health Perspect
108:1203–1207.


Wilson VS, Lambright C, Furr J, Ostby J, Wood C, Held G, et al.
2004. Phthalate ester-induced gubernacular lesions are
associated with reduced INSL3 gene expression in the
fetal rat testis. Toxicol Lett 146:207–215.


Yu ML, Hsin JW, Hsu CC, Chan WC, Guo YL. 1998. The immuno-
logic evaluation of the Yucheng children. Chemosphere
37:1855–1865.







Environmental Health Perspectives  VOLUME 117 | NUMBER 7 | July 2009 1033

Review

Recent epidemiologic studies have demon-
strated significant relationships between circu-
lating levels of thyroid hormones (THs) and 
exposures to environmental chemicals (Blount 
et al. 2006; Boas et al. 2006; Longnecker et al. 
2003; Steinmaus et al. 2007). In controlled 
animal studies, environmental chemicals have 
been shown to cause a reduction in serum 
TH levels, also supporting a causal associa-
tion (Boas et al. 2006; Brucker-Davis 1998; 
DeVito et al. 1999; Zoeller 2007). In this 
article we review the role of THs in develop-
ment and adult life, the impact of xenobiotics 
on thyroid status, the relationships between 
adverse outcomes of thyroid disruption and 
upstream causal biomarkers, and the soci-
etal implications of perturbations in THs by 
xenobiotic chemicals.

The Role of THs in Development
THs include both thyroxine (T4) and triiodo-
thyronine (T3). !e independent regulation 
of circulating levels of these two forms of TH 
is complex, but in this review we refer gen-
erally to both forms as TH. THs are evo-
lutionarily conserved molecules present in 
all extant vertebrates and some invertebrates 
(Heyland and Moroz 2005). Molecular 

signaling pathways regulated by these hor-
mones affect development, energy balance, 
and metabolism in all taxonomic groups. For 
example, TH induces metamorphosis in the 
sand dollar (Heyland et al. 2004), flounder 
(Yamano et al. 1994), and frogs (Buchholz 
et al. 2005), and TH is essential for develop-
ment in birds (McNabb 2006) and mammals 
(Zoeller and Rovet 2004). In humans, TH is 
important for normal development of brain 
(Bernal 2007; Oerbeck et al. 2007), lungs 
(Bizzarro and Gross 2004; van Tuyl et al. 
2004), heart (Danzi et al. 2005; Grover et al. 
2005; Stoykov et al. 2006), and other organs. 
Likewise, the mechanism(s) by which THs 
exert their actions through nuclear receptors 
that influence gene expression is highly con-
served across the vertebrate taxa (Bertrand 
et al. 2004; Buchholz et al. 2006; Whitfield 
et al. 1999).

The regulation of serum TH levels and 
of TH action in various tissues involves a 
complex interplay of physiologic processes. 
!yroid function depends on iodine uptake, 
TH synthesis and storage in the thyroid 
gland, stimulated release of hormone into 
and transport through the circulation, hypo-
thalamic/pituitary control of TH synthesis, 

cellular TH transporters, tissue-specific TH 
deiodination, and degradation of THs by 
catabolic hepatic enzymes (Figure 1). Given 
the key role of TH for normal development 
and physiologic function in all vertebrates, it 
is important to identify environmental fac-
tors that may adversely affect thyroid func-
tion and/or TH signaling and to evaluate 
their ability to adversely affect public health 
(Brucker-Davis 1998). In addition, because 
of the highly conserved nature of TH chemis-
try, synthesis, signaling, and regulation, envi-
ronmental factors that affect thyroid function 
or TH signaling in one species may well affect 
thyroid function or TH signaling in others—
including humans.

THs and nervous system development. It 
is becoming clear that, although somatic and 
brain growth retardation occur with severe 
TH insufficiency, moderate or even transient 
TH insufficiency can cause specific develop-
mental defects in rodents (Auso et al. 2004; 
Crofton 2004; Crofton et al. 2000; Goldey 
et al. 1995a, 1995b; Goodman and Gilbert 
2007; Morreale de Escobar 2003) and in 
humans (Haddow 2005; Haddow et al. 1999; 
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BACKGROUND: !ere is increasing evidence in humans and in experimental animals for a relation-
ship between exposure to specific environmental chemicals and perturbations in levels of critically 
important thyroid hormones (THs). Identification and proper interpretation of these relationships 
are required for accurate assessment of risk to public health.
OBJECTIVES: We review the role of TH in nervous system development and specific outcomes in 
adults, the impact of xenobiotics on thyroid signaling, the relationship between adverse outcomes of 
thyroid disruption and upstream causal biomarkers, and the societal implications of perturbations 
in thyroid signaling by xenobiotic chemicals.
DATA SOURCES: We drew on an extensive body of epidemiologic, toxicologic, and mechanistic studies.
DATA SYNTHESIS: THs are critical for normal nervous system development, and decreased maternal 
TH levels are associated with adverse neuropsychological development in children. In adult humans, 
increased thyroid-stimulating hormone is associated with increased blood pressure and poorer blood 
lipid profiles, both risk factors for cardiovascular disease and death. !ese effects of thyroid suppres-
sion are observed even within the “normal” range for the population. Environmental chemicals may 
affect thyroid homeostasis by a number of mechanisms, and multiple chemicals have been identified 
that interfere with thyroid function by each of the identified mechanisms.
CONCLUSIONS: Individuals are potentially vulnerable to adverse effects as a consequence of expo-
sure to thyroid-disrupting chemicals. Any degree of thyroid disruption that affects TH levels on a 
population basis should be considered a biomarker of adverse outcomes, which may have important 
societal outcomes.
KEY WORDS: children’s health, endocrine disruption, hazard identification, risk assessment, sci-
ence policy, thyroid hormone, toxicologic assessments. Environ Health Perspect 117:1033–1041 
(2009). doi:10.1289/ehp.0800247 available via http://dx.doi.org/  [Online 12 February 2009]
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To evaluate the potential of environmental
chemicals to cause harm, to estimate the risks
that chemical exposures pose to the popula-
tion, and to identify opportunities for preven-
tion and intervention, the type and extent of
adverse effects associated with exposure to a
chemical must be elucidated. To date, hazard
and risk assessments have relied largely on data
from traditional toxicologic studies, such as the
2-year, chronic toxicology and carcinogenesis
studies or the two-generation reproductive tox-
icity assay. A primary goal of these studies is to
identify whether chemical exposures cause
overt disease outcomes, such as birth defects
and neoplasia. These studies also provide data
on biological events that precede these overt
disease outcomes, often referred to as precursor
effects. Adverse effects identified in existing

hazard and risk assessments have often been
the more overt diseases or defects, rather than
events that occur earlier in the disease process.

Increasingly, toxicology assays are providing
more information on how chemicals can inter-
fere with cellular signaling or metabolism, dis-
rupt hormone homeostasis, alter gene
expression, or otherwise play a role early in dis-
ease processes. As scientific understanding of
the mechanisms through which chemical expo-
sures advance pathologic processes resulting in
disease increases, so too does the opportunity
for effective and efficient hazard identification
and risk assessment. A necessary step in incor-
porating data on early biological perturbations
is to consider how these early events relate to
the concept of “adverse effects.” The U.S.
Environmental Protection Agency (EPA)

defines an adverse effect as “a biochemical
change, functional impairment, or pathologic
lesion that affects the performance of the
whole organism, or reduces an organism’s abil-
ity to respond to an additional environmental
challenge” (U.S. EPA 2007a) and, for exam-
ple, considers such end points as alterations in
circulating levels of sex hormones to be an
adverse effect (U.S. EPA 1996). Identifying an
adverse effect forms the basis for hazard identi-
fication and for defining the critical effect for
quantitative risk assessment.

The evolution in toxicology testing from
overt disease to elucidating toxicologic path-
ways has been recognized and endorsed by the
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Meeting Report: Moving Upstream—Evaluating Adverse Upstream End Points
for Improved Risk Assessment and Decision-Making
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BACKGROUND: Assessing adverse effects from environmental chemical exposure is integral to public
health policies. Toxicology assays identifying early biological changes from chemical exposure are
increasing our ability to evaluate links between early biological disturbances and subsequent overt
downstream effects. A workshop was held to consider how the resulting data inform consideration
of an “adverse effect” in the context of hazard identification and risk assessment.
OBJECTIVES: Our objective here is to review what is known about the relationships between chemical
exposure, early biological effects (upstream events), and later overt effects (downstream events)
through three case studies (thyroid hormone disruption, antiandrogen effects, immune system disrup-
tion) and to consider how to evaluate hazard and risk when early biological effect data are available.
DISCUSSION: Each case study presents data on the toxicity pathways linking early biological pertur-
bations with downstream overt effects. Case studies also emphasize several factors that can influ-
ence risk of overt disease as a result from early biological perturbations, including background
chemical exposures, underlying individual biological processes, and disease susceptibility. Certain
effects resulting from exposure during periods of sensitivity may be irreversible. A chemical can act
through multiple modes of action, resulting in similar or different overt effects.
CONCLUSIONS: For certain classes of early perturbations, sufficient information on the disease
process is known, so hazard and quantitative risk assessment can proceed using information on
upstream biological perturbations. Upstream data will support improved approaches for consider-
ing developmental stage, background exposures, disease status, and other factors important to
assessing hazard and risk for the whole population.
KEY WORDS: adverse health effects, androgen antagonists, hazard identification, immunotoxicants,
risk assessment, science policy, thyroid hormone, toxicologic assessments. Environ Health Perspect
116:1568–1575 (2008). doi:10.1289/ehp.11516 available via http://dx.doi.org/ [Online 10 July 2008]
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From: Susan Kegley [skegley@pesticideresearch.com]
Sent: Friday, September 25, 2009 4:00 PM
To: Elinor Fanning; Froines, John
Subject: modified PPT
Attachments: PAN_SRP_Presentation9-25-09revised.ppt

Hi John and Elinor, 
 
You will probably get my modified PPT from Mary Lou, but here it is anyway. 
 
Susan 
 
‐‐ 
Susan E. Kegley, Ph.D., Principal and CEO Pesticide Research Institute 
2768 Shasta Rd. 
Berkeley, CA 94708 
 
Phone: (510) 759‐9397 
Fax: (510) 848‐5271 
E‐mail: skegley@pesticideresearch.com 
Web: http://www.pesticideresearch.com 
 
PRIVILEGE AND CONFIDENTIALITY NOTICE 
This message is intended only for the use of the individual or entity to which it is 
addressed and may contain information that is privileged, confidential and exempt from 
disclosure under applicable law as attorney client and work‐product confidential or otherwise 
confidential communications. If the reader of this message is not the intended recipient, you 
are hereby notified that any dissemination, distribution, or copying of this communication or 
other use of a transmission received in error is strictly prohibited. If you have received 
this transmission in error, immediately notify us at the above telephone number. 
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Overview

• Chemical profile
• CA fumigant use trends
• Comments on human health risk 

assessment
• Comments on exposure 

assessment



From: Solomon, Gina
To: Froines, John
Subject: Report
Date: Monday, February 08, 2010 11:42:27 AM

Hi John,
Thanks for your call last week. Any updates? Did it get done?
I’m reachable on cell anytime – 
Thanks for your hard work!
Best
-Gina

mailto:gsolomon@nrdc.org
mailto:jfroines@ucla.edu


From: Solomon, Gina
To: Froines, John
Subject: Fw: Final MeI release
Date: Thursday, February 11, 2010 4:21:01 PM
Attachments: FINAL Release-SciencePanelReport-2-11-10.doc

ATT141555.txt

John,
DPR posted the report on their website an hour ago. Thought you might be interested in this release
which just went out, FYI.
Best wishes
-Gina

Sent from my Blackberry

----- Original Message -----
From: Tracey Brieger <tracey@igc.org>
To: Solomon, Gina; Anne Katten <akatten@crlaf.org>; Susan Kegley
<skegley@pesticideresearch.com>; Paul S. Towers <paul@pesticidewatch.org>; Kathryn Gilje
<kat@panna.org>; Rome, Victoria; Martha Guzman Aceves <mguzmanaceves@crlaf.org>; David
Chatfield <dchatfield@igc.org>; Megan Buckingham <megan@panna.org>; Sarah Aird
<sarah_aird@igc.org>
Sent: Thu Feb 11 16:05:12 2010
Subject: Final MeI release

thanks for the quick footwork, everyone. attached is the final release.

paul & i are contacting the LA times, AP, fresno bee, sac bee, chron, 
ventura county star and a couple of monterey papers now.

mailto:gsolomon@nrdc.org
mailto:jfroines@ucla.edu

For more information, contact: 


Tracey Brieger, Californians for Pesticide Reform, 415-215-5473


Paul Towers, Pesticide Watch, 916-916-216-1082

For immediate release: Thursday, February 11, 2010

News Release


World-Class Scientific Panel Strongly Criticizes Highly Toxic, Potential Strawberry Pesticide 


Decision on potent carcinogen and water contaminant expected soon

SACRAMENTO, CA—An external Scientific Panel convened by state agencies to evaluate the risks of a potential new strawberry pesticide released its findings today outlining serious concerns for rural residents and farm workers if the chemical were approved for widespread use in California’s fields. Under pressure from methyl iodide manufacturer Arysta LifeScience Corporation, the California Department of Pesticide Regulation’s Director Mary Ann Warmerdam is expected to make a decision on whether or not to register the chemical—which would be one of the most toxic pesticides on the market—in the coming weeks. 

“The science is in. Using methyl iodide in the fields would be a ticking time bomb,” said Dr. Susan Kegley, Consulting Scientist with Pesticide Action Network North America. “If the Department of Pesticide Regulation approves methyl iodide, we can expect to see increased numbers of late-term miscarriages for women who live or work near methyl iodide applications, increased thyroid disease, and more cancers.”

The Scientific Review Committee noted in their report: “Based on the data available, we know that methyl iodide is a highly toxic chemical and we expect that any anticipated scenario for the agricultural or structural fumigation use of this agent would result in exposures to a large number of the public and thus would have a significant adverse impact on the public health.  Due to the potent toxicity of methyl iodide, its transport in and ultimate fate in the environment, adequate control of human exposure would be difficult, if not impossible.”

“The clear scientific consensus of the independent expert panel carries great weight. It would be a mistake to ignore the science, since the people of California would pay the price with their health,” commented Dr. Gina Solomon, Senior Scientist, Natural Resources Defense Council.

The pesticide, methyl iodide, has raised concerns from scientists across the country, including five Nobel Laureates in Chemistry, who were “astonished” that a chemical posing such high risks to human health would be considered for use in agriculture. Methyl iodide is so reliably carcinogenic that it’s used to induce cancer in the lab. It is currently listed on California’s Proposition 65 list of “chemicals known to cause cancer.” The chemical also has high potential to contaminate groundwater.

Methyl iodide poses the most direct risks to farm workers and neighboring communities because of the volume that could be applied to fields and its tendency to drift off site. The chemical could be applied to California’s strawberry fields at rates up to 175 lbs per acre, millions of pounds total, on the over 38,000 acres in strawberry production. 


“It’s clear that there’s no possible way to use methyl iodide safely in California’s fields,” said Anne Katten, Pesticide and Work Safety Specialist at California Rural Legal Assistance Foundation. “It’s the responsibility of California’s regulators to reject Arysta’s request to approve this chemical that would pose serious health risks to untold numbers of people across the state.” 

Arysta, the largest privately held agrichemical company in the world, has launched a concerted campaign to influence California regulators’ decision on the chemical. California would be the biggest market in the country.


Based on results of California’s external scientific review, which found “in each and every instance where DPR findings differed from the USEPA risk assessment it was attributable to a more insightful and scientific approach having been undertaken by the DPR.” U.S. EPA should clearly reconsider their decision to allow the chemical to be used in other states. According to U.S. EPA, methyl iodide is only being used in twelve states. In New York, Arysta pulled its request to register the chemical because the state asked tough questions on health and environmental impacts – and because the New York market for the chemical is small. Like California, Washington State is also in the process of reviewing the risks of methyl iodide to determine if it should be permitted for use in the state. 


Farmers and researchers gathered on Monday at a Senate Food & Agriculture Committee hearing convened by the committee Chair, Senator Dean Florez, to testify about the availability of non-fumigant alternatives to methyl iodide. 


“I’ve been growing strawberries without using pesticides in California for 25 years,” said Jim Cochran, owner of Swanton Berry Farm in Davenport, California.  “It’s certainly possible to grow commercially-viable and ecologically sound strawberry crops without using methyl iodide or any other chemical pesticides.”  

# # #


Available for interviews:


Susan Kegley, Ph.D., Consulting Scientist, Pesticide Action Network North America, 510-759-9397, skegley@pesticideresearch.com.


Gina Solomon, M.D., M.P.H., Senior Scientist, Natural Resources Defense Council, 415-595-0432, gsolomon@nrdc.org.


Anne Katten, Pesticide and Work Safety Specialist, California Rural Legal Assistance Foundation, 916-446-7904 x 19, akatten@crlaf.org.


Resources: 

Department of Pesticide Regulation’s website with External Scientific Panel’s Report:
http://www.cdpr.ca.gov/docs/risk/methyliodide.htm


Pesticide Action Network information on methyl iodide, including legislator letter: http://www.panna.org/fumigants/mei 

Pesticide Action Network information on fumigant pesticides: http://www.panna.org/fumigants 

Letter from National Academy of Sciences members to US EPA: http://www.epa.gov/pesticides/factsheets/iodomethane_letter.pdf 


  


Methyl Iodide Facts 

  


• Methyl Iodide is a soil fumigant
Fumigant pesticides are volatile, drift-prone chemicals injected into the soil at application rates of 50-400 pounds per acre. The maximum application rate for methyl iodide is 175 pounds per acre. 



• Methyl iodide can cause cancer and other very serious illnesses
The state of California lists methyl iodide as a carcinogen under Proposition 65. Methyl iodide reacts rapidly with DNA to cause mutations, and the presence of iodine in methyl iodide results in particularly damaging levels being sequestered in the thyroid gland, causing cancers of the thyroid in laboratory animals. 

In addition to the thyroid tumors observed in the study, large and significant changes were observed in thyroid hormone levels, which are intimately tied to metabolic disorders, immune function, and developmental disorders of the fetus, leading to miscarriages in laboratory animals. Other animal studies demonstrate that exposure to methyl iodide causes respiratory tract lesions and neurological effects.

• Methyl iodide is a threat to state groundwater supplies
In California, thousands of drinking water wells are already contaminated with the banned, extremely toxic fumigants DBCP and EDB. Use of methyl iodide would place our scarce water resources at risk of further contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to ground water, especially if it rains or irrigation occurs soon after fumigation tarps are removed. In a recently published study, scientists from USDA and UC Riverside concluded that methyl iodide may pose a risk of groundwater contamination in vulnerable areas. 

• Growers do not need methyl iodide
The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide from the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out production and use of ozone-depleting substances. Yet prior to the proposed substitution of methyl iodide, conventional growers were exploring a variety of non-fumigant methods for controlling soil pests.

Organic and pesticide-free farmers have been successfully managing soil pathogens and soil fertility with agroecological practices such as crop rotation, composting, and the application of broccoli and mustard residues.  

• DPR’s draft risk assessment finds methyl iodide highly toxic
California’s Department of Pesticide Regulation has held off registration and has completed a draft risk assessment that reviews methyl iodide’s toxicity and environmental hazards and scheduled an outside peer review of this work. The draft risk assessment prepared by CDPR details serious health risks of methyl iodide exposure. 

DPR toxicologists explain that iodide is concentrated in the mammary gland, so nursing infants would receive excess iodide exposure through breast milk if their mothers were exposed to methyl iodide. The toxicologists conclude that methyl iodide can upset maternal and fetal thyroid function. The chemical causes thyroid tumors in laboratory animals, as well as miscarriages. DPR conclude that “ . . . air concentrations estimated for human exposure to MeI under the proposed use conditions will result in significant risks for workers and the general population, with anticipated exposures up to 3,000 times the acceptable dose for some proposed soil fumigation use scenarios."




On Feb 11, 2010, at 3:55 PM, Solomon, Gina wrote:

> Excellent!
> If you want a quote from me, how about:
> "The clear scientific consensus of the independent expert panel  
> carries great weight. It would be a mistake to ignore the science,  
> since the people of California would pay the price with their health"
> Only if there's time/space.
> -Gina
>
> Sent from my Blackberry
>
> ----- Original Message -----
> From: Anne Katten <akatten@crlaf.org>
> To: Solomon, Gina; tracey@igc.org <tracey@igc.org>
> Cc: skegley@pesticideresearch.com <skegley@pesticideresearch.com>; paul@pesticidewatch.org 
>  <paul@pesticidewatch.org>; kat@panna.org <kat@panna.org>; Rome,  
> Victoria; mguzmanaceves@crlaf.org <mguzmanaceves@crlaf.org>; dchatfield@igc.org 
>  <dchatfield@igc.org>; megan@panna.org <megan@panna.org>
> Sent: Thu Feb 11 15:48:25 2010
> Subject: RE: Finalizing MeI release...
>
> Alt text on that point I offered:
>
> Based on results of California's external scientific review, which  
> found "in
> each and every instance where DPR findings differed from the USEPA  
> risk
> assessment it was attributable to a more insightful and scientific  
> approach
> having been undertaken by the DPR." U.S. EPA should clearly  
> reconsider their
> decision to allow the chemical to be used in other states.
>
> -----Original Message-----
> From: Solomon, Gina [mailto:gsolomon@nrdc.org]
> Sent: Thursday, February 11, 2010 3:45 PM
> To: tracey@igc.org; akatten@crlaf.org
> Cc: skegley@pesticideresearch.com; paul@pesticidewatch.org; kat@panna.org 
> ;
> Rome, Victoria; mguzmanaceves@crlaf.org; dchatfield@igc.org; megan@panna.org
> Subject: Re: Finalizing MeI release...
>
> I also don't think we should say that the US EPA reevaluation is  
> "pending
> CA's evaluation", since we're working to get EPA to move now. We  
> don't want
> to send any signal that it's ok, or expected, for EPA to wait.
> Thanks!
> -G
> Ps. I sent my cell number yesterday - 415-595-0432.
>
> Sent from my Blackberry
>
> ----- Original Message -----
> From: Tracey Brieger <tracey@igc.org>
> To: Anne Katten <akatten@crlaf.org>
> Cc: skegley@pesticideresearch.com <skegley@pesticideresearch.com>;  
> 'Paul S.
> Towers' <paul@pesticidewatch.org>; 'Kathryn Gilje' <kat@panna.org>;  
> Solomon,
> Gina; Rome, Victoria; 'Martha Guzman Aceves'  
> <mguzmanaceves@crlaf.org>;
> 'David Chatfield' <dchatfield@igc.org>; 'Megan Buckingham' <megan@panna.org 
> >
> Sent: Thu Feb 11 15:14:45 2010
> Subject: Finalizing MeI release...
>
> hi all,
>
> please make any final changes to this version - let's finalize this in
> the next 30 min, if possible. if there are other quotes from the
> report to consider using that might be better than those already sent
> around (i haven't put any into the release yet), please forward 'em...
>
> t
>
>
>
>

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Tracey Brieger
Campaign Director
Californians for Pesticide Reform
49 Powell Street, Suite 530, San Francisco, CA 94102
Phone: 415-981-3939 x6    Fax: 415-981-2727
Toll Free in California: 888-CPR-4880
www.PesticideReform.org     tracey@igc.org
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~





For more information, contact:  
Tracey Brieger, Californians for Pesticide Reform, 415-215-5473 
Paul Towers, Pesticide Watch, 916-916-216-1082 
 
For immediate release: Thursday, February 11, 2010 
 

NEWS RELEASE 
 

World-Class Scientific Panel Strongly Criticizes 
Highly Toxic, Potential Strawberry Pesticide  

 
Decision on potent carcinogen and water contaminant expected soon 

 
SACRAMENTO, CA—An external Scientific Panel convened by state agencies to evaluate the 
risks of a potential new strawberry pesticide released its findings today outlining serious 
concerns for rural residents and farm workers if the chemical were approved for widespread use 
in California’s fields. Under pressure from methyl iodide manufacturer Arysta LifeScience 
Corporation, the California Department of Pesticide Regulation’s Director Mary Ann 
Warmerdam is expected to make a decision on whether or not to register the chemical—which 
would be one of the most toxic pesticides on the market—in the coming weeks.  
 
“The science is in. Using methyl iodide in the fields would be a ticking time bomb,” said Dr. 
Susan Kegley, Consulting Scientist with Pesticide Action Network North America. “If the 
Department of Pesticide Regulation approves methyl iodide, we can expect to see increased 
numbers of late-term miscarriages for women who live or work near methyl iodide applications, 
increased thyroid disease, and more cancers.” 
 
The Scientific Review Committee noted in their report: “Based on the data available, we know 
that methyl iodide is a highly toxic chemical and we expect that any anticipated scenario for the 
agricultural or structural fumigation use of this agent would result in exposures to a large number 
of the public and thus would have a significant adverse impact on the public health.  Due to the 
potent toxicity of methyl iodide, its transport in and ultimate fate in the environment, adequate 
control of human exposure would be difficult, if not impossible.” 
 
“The clear scientific consensus of the independent expert panel carries great weight. It would be 
a mistake to ignore the science, since the people of California would pay the price with their 
health,” commented Dr. Gina Solomon, Senior Scientist, Natural Resources Defense Council. 
 
The pesticide, methyl iodide, has raised concerns from scientists across the country, including 
five Nobel Laureates in Chemistry, who were “astonished” that a chemical posing such high 
risks to human health would be considered for use in agriculture. Methyl iodide is so reliably 
carcinogenic that it’s used to induce cancer in the lab. It is currently listed on California’s 
Proposition 65 list of “chemicals known to cause cancer.” The chemical also has high potential 
to contaminate groundwater. 
 



Methyl iodide poses the most direct risks to farm workers and neighboring communities because 
of the volume that could be applied to fields and its tendency to drift off site. The chemical could 
be applied to California’s strawberry fields at rates up to 175 lbs per acre, millions of pounds 
total, on the over 38,000 acres in strawberry production.  
 
“It’s clear that there’s no possible way to use methyl iodide safely in California’s fields,” said 
Anne Katten, Pesticide and Work Safety Specialist at California Rural Legal Assistance 
Foundation. “It’s the responsibility of California’s regulators to reject Arysta’s request to 
approve this chemical that would pose serious health risks to untold numbers of people across 
the state.”  
 
Arysta, the largest privately held agrichemical company in the world, has launched a concerted 
campaign to influence California regulators’ decision on the chemical. California would be the 
biggest market in the country. 
 
Based on results of California’s external scientific review, which found “in each and every 
instance where DPR findings differed from the USEPA risk assessment it was attributable to a 
more insightful and scientific approach having been undertaken by the DPR.” U.S. EPA should 
clearly reconsider their decision to allow the chemical to be used in other states. According to 
U.S. EPA, methyl iodide is only being used in twelve states. In New York, Arysta pulled its 
request to register the chemical because the state asked tough questions on health and 
environmental impacts – and because the New York market for the chemical is small. Like 
California, Washington State is also in the process of reviewing the risks of methyl iodide to 
determine if it should be permitted for use in the state.  
 
Farmers and researchers gathered on Monday at a Senate Food & Agriculture Committee hearing 
convened by the committee Chair, Senator Dean Florez, to testify about the availability of non-
fumigant alternatives to methyl iodide.  
 
“I’ve been growing strawberries without using pesticides in California for 25 years,” said Jim 
Cochran, owner of Swanton Berry Farm in Davenport, California.  “It’s certainly possible to 
grow commercially-viable and ecologically sound strawberry crops without using methyl iodide 
or any other chemical pesticides.”   
 

# # # 
 

Available for interviews: 
Susan Kegley, Ph.D., Consulting Scientist, Pesticide Action Network North America, 510-759-
9397, skegley@pesticideresearch.com. 
 
Gina Solomon, M.D., M.P.H., Senior Scientist, Natural Resources Defense Council, 415-595-
0432, gsolomon@nrdc.org. 
 
Anne Katten, Pesticide and Work Safety Specialist, California Rural Legal Assistance 
Foundation, 916-446-7904 x 19, akatten@crlaf.org. 
 



Resources:  
Department of Pesticide Regulation’s website with External Scientific Panel’s Report: 

 
Pesticide Action Network information on methyl iodide, including legislator letter: 

http://www.cdpr.ca.gov/docs/risk/methyliodide.htm 

http://www.panna.org/fumigants/mei  
 
Pesticide Action Network information on fumigant pesticides: http://www.panna.org/fumigants  
 
Letter from National Academy of Sciences members to US EPA: 
http://www.epa.gov/pesticides/factsheets/iodomethane_letter.pdf  
   
 

Methyl Iodide Facts  
   
• Methyl Iodide is a soil fumigant 
Fumigant pesticides are volatile, drift-prone chemicals injected into the soil at application rates of 50-400 
pounds per acre. The maximum application rate for methyl iodide is 175 pounds per acre.  
 
• Methyl iodide can cause cancer and other very serious illnesses 
The state of California lists methyl iodide as a carcinogen under Proposition 65. Methyl iodide reacts 
rapidly with DNA to cause mutations, and the presence of iodine in methyl iodide results in particularly 
damaging levels being sequestered in the thyroid gland, causing cancers of the thyroid in laboratory 
animals.  
 
In addition to the thyroid tumors observed in the study, large and significant changes were observed in 
thyroid hormone levels, which are intimately tied to metabolic disorders, immune function, and 
developmental disorders of the fetus, leading to miscarriages in laboratory animals. Other animal studies 
demonstrate that exposure to methyl iodide causes respiratory tract lesions and neurological effects. 
 
• Methyl iodide is a threat to state groundwater supplies 
In California, thousands of drinking water wells are already contaminated with the banned, extremely 
toxic fumigants DBCP and EDB. Use of methyl iodide would place our scarce water resources at risk of 
further contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to 
ground water, especially if it rains or irrigation occurs soon after fumigation tarps are removed. In a 
recently published study, scientists from USDA and UC Riverside concluded that methyl iodide may pose 
a risk of groundwater contamination in vulnerable areas.  
 
• Growers do not need methyl iodide 
The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide 
from the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out 
production and use of ozone-depleting substances. Yet prior to the proposed substitution of methyl iodide, 
conventional growers were exploring a variety of non-fumigant methods for controlling soil pests. 
 
Organic and pesticide-free farmers have been successfully managing soil pathogens and soil fertility with 
agroecological practices such as crop rotation, composting, and the application of broccoli and mustard 
residues.   
 
• DPR’s draft risk assessment finds methyl iodide highly toxic 

http://www.cdpr.ca.gov/docs/risk/methyliodide.htm�
http://www.panna.org/fumigants/mei�
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California’s Department of Pesticide Regulation has held off registration and has completed a draft risk 
assessment that reviews methyl iodide’s toxicity and environmental hazards and scheduled an outside 
peer review of this work. The draft risk assessment prepared by CDPR details serious health risks of 
methyl iodide exposure.  
 
DPR toxicologists explain that iodide is concentrated in the mammary gland, so nursing infants would 
receive excess iodide exposure through breast milk if their mothers were exposed to methyl iodide. The 
toxicologists conclude that methyl iodide can upset maternal and fetal thyroid function. The chemical 
causes thyroid tumors in laboratory animals, as well as miscarriages. DPR conclude that “ . . . air 
concentrations estimated for human exposure to MeI under the proposed use conditions will result in 
significant risks for workers and the general population, with anticipated exposures up to 3,000 times the 
acceptable dose for some proposed soil fumigation use scenarios." 
 



From: Susan Kegley
To: Froines, John
Subject: Re: [Fwd: Re: Journalist inquiry from Nature - methyl iodide]
Date: Friday, February 12, 2010 11:05:23 AM

Hi John,

Tried to call---no answer. Will try again soon, but I'm off the phone now, so if you
want to call, please do. 

Susan

Froines, John wrote:

Urgent:  call me at 
John
 

From: Susan Kegley [mailto:skegley@pesticideresearch.com] 
Sent: Thursday, August 27, 2009 11:42 AM
To: Robert Bergman; Roald Hoffmann; John Froines; Elinor Fanning
Subject: [Fwd: Re: Journalist inquiry from Nature - methyl iodide]
 
I thought you all might be interested in Kathy Collins' response to the Nature
journalist. She said it would be OK to forward to you all.  Perhaps some of this
will end up in the Nature article.

-------- Original Message --------
Subject:Re: Journalist inquiry from Nature - methyl iodide

Date:Wed, 26 Aug 2009 20:59:15 -0700
From:Kathleen Collins <kcollins@berkeley.edu>

To: >
CC:spear@berkeley.edu, skegley@pesticideresearch.com,

schore@chem.ucdavis.edu
References:

Hello 
 
Dr. Kegley has accumulated impressive research relevant to agricultural use of
methyl iodide (MeI), and as chemists she and Neil Shore would have the most
direct experience handling it.  My expertise is in chromosome biology (as you
could figure out from my Nature journal publications), so I was testifying about
MeI toxicity and carcinogenicity as a potent DNA methylation agent. 
 
I'm not sure how you could capture this in print, but in case you are inspired to
do so, I'm inclined to try to explain what I learned from the testimony of others
(I would be happy to talk to you about my testimony as well, but it was just a
recap of DNA modification and polymerase biochemistry studies from the
literature).  

mailto:skegley@pesticideresearch.com
mailto:jfroines@ucla.edu
mailto:skegley@pesticideresearch.com


 
We scientists are hesitant to stick our neck out and say "this is BAD" even when
we know something is really quite bad. I have no doubt that MeI is NOT suitable
for large-scale environmental release, but I came armed with facts, literature
references, and so on just in case anyone challenged me.  We testified before the
ag-business people, who obviously had no similar issues stretching the truth;
fortunately for our blood pressures, we didn't have a chance to call them on it.
 
The deepest impressions that I have from my experience are how inadequate the
entire system of guidelines and review processes are.  The company that will
make MeI here in the USA touts its pioneering system of training for those
applying the chemical in the fields - so that they know how to keep the poisoning
of innocents to a supposed minimum.  But in reality, as we heard in testimony
from farm workers, citizens, and their advocates, none of these "required"
aspects of training and chemical application in the fields are really required.  It
was shocking - approval is granted based on essential regulations that have little
chance of actually being applied in the field.  Furthermore, we heard how
regulations favor the toxic poisoning approach over the equally successful
organic one:  if you say that you have poisoned the ground before planting your
nursery crop for export, you don't have to test that crop for parasites before
export.  But if you didn't use toxic chemicals, then you do have to test the crop; if
one parasitic nematode is detected for the entire nursery operation, apparently the
entire crop is banned from export.  No wonder they are willing to poison the
earth.
 
Perhaps you have similar problems in B.C., or perhaps the province has more
logical agricultural codes.  
 
Again, I'm not sure that this is Nature-relevant, but somehow it should be some
kind of call to attention.  And don't hold my session compadres accountable for
my own experience ....
 
Kathy
 
 
On Aug 21, 2009, at 1:51 PM, Nicola Jones wrote:

Dear all,
Hello. I am a science journalist with Nature, the international science journal
based in London England ( ). I am looking into
a story about the possible regulation of methyl iodide in California, and the use
of the chemical generally. I understand that you recently testified at a
government hearing about this, and I would greatly appreciate if you could
answer the following questions for me by end-of-day Friday 28 August. Your
help and input would be greatly appreciated. Should you raise a particular point
of interest, it would be fantastic if I could follow up with a phone call.
 
1) Could you summarize your main concerns about the use of methyl iodide?
2) What, in your opinion, should California, the United States, and the world at



large do with methyl iodide (ie ban it from all uses; ban it from agricultural use;
allow it for some uses with restrictions...)?
3) are you aware of any suitable alternatives to methyl iodide that would be
commercially viable for strawberry farmers?
4) do you have faith in the current independent review process in California; ie
do you believe it will come to fair and valid conclusions, and that their advice
will be taken by the CDPR (and maybe even the EPA)?
5) Given that the fumigant has been regulated for use by the EPA since October
2007, are you aware of any studies on acute toxic effects on human workers over
the past 2 years?
 
Many thanks for your time,
Sincerely,

-- 
Nicola Jones

 

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708
 
Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com
 
PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or 
entity to which it is addressed and may contain information that 
is privileged, confidential and exempt from disclosure under 
applicable law as attorney client and work-product confidential or 
otherwise confidential communications. If the reader of this 
message is not the intended recipient, you are hereby notified 
that any dissemination, distribution, or copying of this 
communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in 
error, immediately notify us at the above telephone number.

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com

mailto:skegley@pesticideresearch.com
http://www.pesticideresearch.com/
mailto:skegley@pesticideresearch.com


Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.

http://www.pesticideresearch.com/


From: Susan Kegley
To: Froines, John
Subject: Articles on MeI report
Date: Friday, February 12, 2010 11:16:04 AM

 
http://www.vcstar.com/news/2010/feb/11/toxicologists-say-methyl-iodide-poses-health/
 
http://www.capitalpress.com/newest/ws-Methyl-Iodide-021910--for-WEB-021110-
 

-- 
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to 
which it is addressed and may contain information that is privileged, 
confidential and exempt from disclosure under applicable law as attorney 
client and work-product confidential or otherwise confidential 
communications. If the reader of this message is not the intended recipient, 
you are hereby notified that any dissemination, distribution, or copying of 
this communication or other use of a transmission received in error is 
strictly prohibited. If you have received this transmission in error, 
immediately notify us at the above telephone number.

mailto:skegley@pesticideresearch.com
mailto:jfroines@ucla.edu
http://www.vcstar.com/news/2010/feb/11/toxicologists-say-methyl-iodide-poses-health/
http://www.capitalpress.com/newest/ws-Methyl-Iodide-021910--for-WEB-021110-
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From: Susan Kegley
To: Froines, John
Subject: CPR"s Press Release on MeI
Date: Friday, February 12, 2010 11:20:32 AM
Attachments: FINAL Release-SciencePanelReport-2-11-10.doc

attached

--
Susan E. Kegley, Ph.D., Principal and CEO
Pesticide Research Institute
2768 Shasta Rd.
Berkeley, CA 94708

Phone: (510) 759-9397
Fax: (510) 848-5271
E-mail: skegley@pesticideresearch.com
Web: http://www.pesticideresearch.com

PRIVILEGE AND CONFIDENTIALITY NOTICE
This message is intended only for the use of the individual or entity to which it is addressed and may
contain information that is privileged, confidential and exempt from disclosure under applicable law as
attorney client and work-product confidential or otherwise confidential communications. If the reader of
this message is not the intended recipient, you are hereby notified that any dissemination, distribution,
or copying of this communication or other use of a transmission received in error is strictly prohibited. If
you have received this transmission in error, immediately notify us at the above telephone number.

mailto:skegley@pesticideresearch.com
mailto:jfroines@ucla.edu
http://www.pesticideresearch.com/

For more information, contact: 


Tracey Brieger, Californians for Pesticide Reform, 415-215-5473


Paul Towers, Pesticide Watch, 916-916-216-1082

For immediate release: Thursday, February 11, 2010

News Release


World-Class Scientific Panel Strongly Criticizes Highly Toxic, Potential Strawberry Pesticide 


Decision on potent carcinogen and water contaminant expected soon

SACRAMENTO, CA—An external Scientific Panel convened by state agencies to evaluate the risks of a potential new strawberry pesticide released its findings today outlining serious concerns for rural residents and farm workers if the chemical were approved for widespread use in California’s fields. Under pressure from methyl iodide manufacturer Arysta LifeScience Corporation, the California Department of Pesticide Regulation’s Director Mary Ann Warmerdam is expected to make a decision on whether or not to register the chemical—which would be one of the most toxic pesticides on the market—in the coming weeks. 

“The science is in. Using methyl iodide in the fields would be a ticking time bomb,” said Dr. Susan Kegley, Consulting Scientist with Pesticide Action Network North America. “If the Department of Pesticide Regulation approves methyl iodide, we can expect to see increased numbers of late-term miscarriages for women who live or work near methyl iodide applications, increased thyroid disease, and more cancers.”

The Scientific Review Committee noted in their report: “Based on the data available, we know that methyl iodide is a highly toxic chemical and we expect that any anticipated scenario for the agricultural or structural fumigation use of this agent would result in exposures to a large number of the public and thus would have a significant adverse impact on the public health.  Due to the potent toxicity of methyl iodide, its transport in and ultimate fate in the environment, adequate control of human exposure would be difficult, if not impossible.”

“The clear scientific consensus of the independent expert panel carries great weight. It would be a mistake to ignore the science, since the people of California would pay the price with their health,” commented Dr. Gina Solomon, Senior Scientist, Natural Resources Defense Council.

The pesticide, methyl iodide, has raised concerns from scientists across the country, including five Nobel Laureates in Chemistry, who were “astonished” that a chemical posing such high risks to human health would be considered for use in agriculture. Methyl iodide is so reliably carcinogenic that it’s used to induce cancer in the lab. It is currently listed on California’s Proposition 65 list of “chemicals known to cause cancer.” The chemical also has high potential to contaminate groundwater.

Methyl iodide poses the most direct risks to farm workers and neighboring communities because of the volume that could be applied to fields and its tendency to drift off site. The chemical could be applied to California’s strawberry fields at rates up to 175 lbs per acre, millions of pounds total, on the over 38,000 acres in strawberry production. 


“It’s clear that there’s no possible way to use methyl iodide safely in California’s fields,” said Anne Katten, Pesticide and Work Safety Specialist at California Rural Legal Assistance Foundation. “It’s the responsibility of California’s regulators to reject Arysta’s request to approve this chemical that would pose serious health risks to untold numbers of people across the state.” 

Arysta, the largest privately held agrichemical company in the world, has launched a concerted campaign to influence California regulators’ decision on the chemical. California would be the biggest market in the country.


Based on results of California’s external scientific review, which found “in each and every instance where DPR findings differed from the USEPA risk assessment it was attributable to a more insightful and scientific approach having been undertaken by the DPR.” U.S. EPA should clearly reconsider their decision to allow the chemical to be used in other states. According to U.S. EPA, methyl iodide is only being used in twelve states. In New York, Arysta pulled its request to register the chemical because the state asked tough questions on health and environmental impacts – and because the New York market for the chemical is small. Like California, Washington State is also in the process of reviewing the risks of methyl iodide to determine if it should be permitted for use in the state. 


Farmers and researchers gathered on Monday at a Senate Food & Agriculture Committee hearing convened by the committee Chair, Senator Dean Florez, to testify about the availability of non-fumigant alternatives to methyl iodide. 


“I’ve been growing strawberries without using pesticides in California for 25 years,” said Jim Cochran, owner of Swanton Berry Farm in Davenport, California.  “It’s certainly possible to grow commercially-viable and ecologically sound strawberry crops without using methyl iodide or any other chemical pesticides.”  

# # #


Available for interviews:


Susan Kegley, Ph.D., Consulting Scientist, Pesticide Action Network North America, 510-759-9397, skegley@pesticideresearch.com.


Gina Solomon, M.D., M.P.H., Senior Scientist, Natural Resources Defense Council, 415-595-0432, gsolomon@nrdc.org.


Anne Katten, Pesticide and Work Safety Specialist, California Rural Legal Assistance Foundation, 916-446-7904 x 19, akatten@crlaf.org.


Resources: 

Department of Pesticide Regulation’s website with External Scientific Panel’s Report:
http://www.cdpr.ca.gov/docs/risk/methyliodide.htm


Pesticide Action Network information on methyl iodide, including legislator letter: http://www.panna.org/fumigants/mei 

Pesticide Action Network information on fumigant pesticides: http://www.panna.org/fumigants 

Letter from National Academy of Sciences members to US EPA: http://www.epa.gov/pesticides/factsheets/iodomethane_letter.pdf 


  


Methyl Iodide Facts 

  


• Methyl Iodide is a soil fumigant
Fumigant pesticides are volatile, drift-prone chemicals injected into the soil at application rates of 50-400 pounds per acre. The maximum application rate for methyl iodide is 175 pounds per acre. 



• Methyl iodide can cause cancer and other very serious illnesses
The state of California lists methyl iodide as a carcinogen under Proposition 65. Methyl iodide reacts rapidly with DNA to cause mutations, and the presence of iodine in methyl iodide results in particularly damaging levels being sequestered in the thyroid gland, causing cancers of the thyroid in laboratory animals. 

In addition to the thyroid tumors observed in the study, large and significant changes were observed in thyroid hormone levels, which are intimately tied to metabolic disorders, immune function, and developmental disorders of the fetus, leading to miscarriages in laboratory animals. Other animal studies demonstrate that exposure to methyl iodide causes respiratory tract lesions and neurological effects.

• Methyl iodide is a threat to state groundwater supplies
In California, thousands of drinking water wells are already contaminated with the banned, extremely toxic fumigants DBCP and EDB. Use of methyl iodide would place our scarce water resources at risk of further contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to ground water, especially if it rains or irrigation occurs soon after fumigation tarps are removed. In a recently published study, scientists from USDA and UC Riverside concluded that methyl iodide may pose a risk of groundwater contamination in vulnerable areas. 

• Growers do not need methyl iodide
The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide from the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out production and use of ozone-depleting substances. Yet prior to the proposed substitution of methyl iodide, conventional growers were exploring a variety of non-fumigant methods for controlling soil pests.

Organic and pesticide-free farmers have been successfully managing soil pathogens and soil fertility with agroecological practices such as crop rotation, composting, and the application of broccoli and mustard residues.  

• DPR’s draft risk assessment finds methyl iodide highly toxic
California’s Department of Pesticide Regulation has held off registration and has completed a draft risk assessment that reviews methyl iodide’s toxicity and environmental hazards and scheduled an outside peer review of this work. The draft risk assessment prepared by CDPR details serious health risks of methyl iodide exposure. 

DPR toxicologists explain that iodide is concentrated in the mammary gland, so nursing infants would receive excess iodide exposure through breast milk if their mothers were exposed to methyl iodide. The toxicologists conclude that methyl iodide can upset maternal and fetal thyroid function. The chemical causes thyroid tumors in laboratory animals, as well as miscarriages. DPR conclude that “ . . . air concentrations estimated for human exposure to MeI under the proposed use conditions will result in significant risks for workers and the general population, with anticipated exposures up to 3,000 times the acceptable dose for some proposed soil fumigation use scenarios."



For more information, contact:  
Tracey Brieger, Californians for Pesticide Reform, 415-215-5473 
Paul Towers, Pesticide Watch, 916-916-216-1082 
 
For immediate release: Thursday, February 11, 2010 
 

NEWS RELEASE 
 

World-Class Scientific Panel Strongly Criticizes 
Highly Toxic, Potential Strawberry Pesticide  

 
Decision on potent carcinogen and water contaminant expected soon 

 
SACRAMENTO, CA—An external Scientific Panel convened by state agencies to evaluate the 
risks of a potential new strawberry pesticide released its findings today outlining serious 
concerns for rural residents and farm workers if the chemical were approved for widespread use 
in California’s fields. Under pressure from methyl iodide manufacturer Arysta LifeScience 
Corporation, the California Department of Pesticide Regulation’s Director Mary Ann 
Warmerdam is expected to make a decision on whether or not to register the chemical—which 
would be one of the most toxic pesticides on the market—in the coming weeks.  
 
“The science is in. Using methyl iodide in the fields would be a ticking time bomb,” said Dr. 
Susan Kegley, Consulting Scientist with Pesticide Action Network North America. “If the 
Department of Pesticide Regulation approves methyl iodide, we can expect to see increased 
numbers of late-term miscarriages for women who live or work near methyl iodide applications, 
increased thyroid disease, and more cancers.” 
 
The Scientific Review Committee noted in their report: “Based on the data available, we know 
that methyl iodide is a highly toxic chemical and we expect that any anticipated scenario for the 
agricultural or structural fumigation use of this agent would result in exposures to a large number 
of the public and thus would have a significant adverse impact on the public health.  Due to the 
potent toxicity of methyl iodide, its transport in and ultimate fate in the environment, adequate 
control of human exposure would be difficult, if not impossible.” 
 
“The clear scientific consensus of the independent expert panel carries great weight. It would be 
a mistake to ignore the science, since the people of California would pay the price with their 
health,” commented Dr. Gina Solomon, Senior Scientist, Natural Resources Defense Council. 
 
The pesticide, methyl iodide, has raised concerns from scientists across the country, including 
five Nobel Laureates in Chemistry, who were “astonished” that a chemical posing such high 
risks to human health would be considered for use in agriculture. Methyl iodide is so reliably 
carcinogenic that it’s used to induce cancer in the lab. It is currently listed on California’s 
Proposition 65 list of “chemicals known to cause cancer.” The chemical also has high potential 
to contaminate groundwater. 
 



Methyl iodide poses the most direct risks to farm workers and neighboring communities because 
of the volume that could be applied to fields and its tendency to drift off site. The chemical could 
be applied to California’s strawberry fields at rates up to 175 lbs per acre, millions of pounds 
total, on the over 38,000 acres in strawberry production.  
 
“It’s clear that there’s no possible way to use methyl iodide safely in California’s fields,” said 
Anne Katten, Pesticide and Work Safety Specialist at California Rural Legal Assistance 
Foundation. “It’s the responsibility of California’s regulators to reject Arysta’s request to 
approve this chemical that would pose serious health risks to untold numbers of people across 
the state.”  
 
Arysta, the largest privately held agrichemical company in the world, has launched a concerted 
campaign to influence California regulators’ decision on the chemical. California would be the 
biggest market in the country. 
 
Based on results of California’s external scientific review, which found “in each and every 
instance where DPR findings differed from the USEPA risk assessment it was attributable to a 
more insightful and scientific approach having been undertaken by the DPR.” U.S. EPA should 
clearly reconsider their decision to allow the chemical to be used in other states. According to 
U.S. EPA, methyl iodide is only being used in twelve states. In New York, Arysta pulled its 
request to register the chemical because the state asked tough questions on health and 
environmental impacts – and because the New York market for the chemical is small. Like 
California, Washington State is also in the process of reviewing the risks of methyl iodide to 
determine if it should be permitted for use in the state.  
 
Farmers and researchers gathered on Monday at a Senate Food & Agriculture Committee hearing 
convened by the committee Chair, Senator Dean Florez, to testify about the availability of non-
fumigant alternatives to methyl iodide.  
 
“I’ve been growing strawberries without using pesticides in California for 25 years,” said Jim 
Cochran, owner of Swanton Berry Farm in Davenport, California.  “It’s certainly possible to 
grow commercially-viable and ecologically sound strawberry crops without using methyl iodide 
or any other chemical pesticides.”   
 

# # # 
 

Available for interviews: 
Susan Kegley, Ph.D., Consulting Scientist, Pesticide Action Network North America, 510-759-
9397, skegley@pesticideresearch.com. 
 
Gina Solomon, M.D., M.P.H., Senior Scientist, Natural Resources Defense Council, 415-595-
0432, gsolomon@nrdc.org. 
 
Anne Katten, Pesticide and Work Safety Specialist, California Rural Legal Assistance 
Foundation, 916-446-7904 x 19, akatten@crlaf.org. 
 



Resources:  
Department of Pesticide Regulation’s website with External Scientific Panel’s Report: 

 
Pesticide Action Network information on methyl iodide, including legislator letter: 

http://www.cdpr.ca.gov/docs/risk/methyliodide.htm 

http://www.panna.org/fumigants/mei  
 
Pesticide Action Network information on fumigant pesticides: http://www.panna.org/fumigants  
 
Letter from National Academy of Sciences members to US EPA: 
http://www.epa.gov/pesticides/factsheets/iodomethane_letter.pdf  
   
 

Methyl Iodide Facts  
   
• Methyl Iodide is a soil fumigant 
Fumigant pesticides are volatile, drift-prone chemicals injected into the soil at application rates of 50-400 
pounds per acre. The maximum application rate for methyl iodide is 175 pounds per acre.  
 
• Methyl iodide can cause cancer and other very serious illnesses 
The state of California lists methyl iodide as a carcinogen under Proposition 65. Methyl iodide reacts 
rapidly with DNA to cause mutations, and the presence of iodine in methyl iodide results in particularly 
damaging levels being sequestered in the thyroid gland, causing cancers of the thyroid in laboratory 
animals.  
 
In addition to the thyroid tumors observed in the study, large and significant changes were observed in 
thyroid hormone levels, which are intimately tied to metabolic disorders, immune function, and 
developmental disorders of the fetus, leading to miscarriages in laboratory animals. Other animal studies 
demonstrate that exposure to methyl iodide causes respiratory tract lesions and neurological effects. 
 
• Methyl iodide is a threat to state groundwater supplies 
In California, thousands of drinking water wells are already contaminated with the banned, extremely 
toxic fumigants DBCP and EDB. Use of methyl iodide would place our scarce water resources at risk of 
further contamination. Since methyl iodide is very soluble in water, there is a real danger of leaching to 
ground water, especially if it rains or irrigation occurs soon after fumigation tarps are removed. In a 
recently published study, scientists from USDA and UC Riverside concluded that methyl iodide may pose 
a risk of groundwater contamination in vulnerable areas.  
 
• Growers do not need methyl iodide 
The rush to register methyl iodide has been rationalized by the upcoming withdrawal of methyl bromide 
from the agricultural market, as mandated by the Montreal Protocol, an international treaty to phase out 
production and use of ozone-depleting substances. Yet prior to the proposed substitution of methyl iodide, 
conventional growers were exploring a variety of non-fumigant methods for controlling soil pests. 
 
Organic and pesticide-free farmers have been successfully managing soil pathogens and soil fertility with 
agroecological practices such as crop rotation, composting, and the application of broccoli and mustard 
residues.   
 
• DPR’s draft risk assessment finds methyl iodide highly toxic 
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California’s Department of Pesticide Regulation has held off registration and has completed a draft risk 
assessment that reviews methyl iodide’s toxicity and environmental hazards and scheduled an outside 
peer review of this work. The draft risk assessment prepared by CDPR details serious health risks of 
methyl iodide exposure.  
 
DPR toxicologists explain that iodide is concentrated in the mammary gland, so nursing infants would 
receive excess iodide exposure through breast milk if their mothers were exposed to methyl iodide. The 
toxicologists conclude that methyl iodide can upset maternal and fetal thyroid function. The chemical 
causes thyroid tumors in laboratory animals, as well as miscarriages. DPR conclude that “ . . . air 
concentrations estimated for human exposure to MeI under the proposed use conditions will result in 
significant risks for workers and the general population, with anticipated exposures up to 3,000 times the 
acceptable dose for some proposed soil fumigation use scenarios." 
 



From: Solomon, Gina
To: Froines, John; Blanc, Paul
Subject: Methyl iodide hearing
Date: Wednesday, March 03, 2010 8:07:18 PM

John and Paul,
It looks like Florez wants to schedule another hearing on methyl iodide for March 16th. It's important
for someone from the SAC to be there to present the findings, if that's at all possible.
Any chance either of you might be able to do it? If not, is there anyone from the committee that could?
Thanks!
-Gina

Gina Solomon, M.D., M.P.H.
Co-Director, UCSF Occupational and Environmental Medicine Residency Program
Associate Clinical Professor of Medicine
Associate Director, UCSF Pediatric Environmental Health Specialty Unit
University of California at San Francisco
Phone: 415-206-4279
Fax: 415-206-8949
gina.solomon@ucsf.edu<mailto:gina.solomon@ucsf.edu>

mailto:Gina.Solomon@ucsf.edu
mailto:jfroines@ucla.edu
mailto:Paul.Blanc@ucsf.edu
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From: Solomon, Gina
To: Froines, John; Blanc, Paul
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing
Date: Thursday, March 04, 2010 10:57:34 AM

Paul and John,
Apparently Senator Florez ONLY wants members of the SRC to speak at the hearing. No advocates or
anyone else. He wants to focus on the committee's report.
I'm not sure why you think that the committee shouldn't be there to explain their findings. It seems
likely that the SRC's report will continue to be misconstrued and misinterpreted by others unless
members of the SRC explain the findings. That's what happened in DPR's press communications, and it
will continue to happen unless members of the advisory committee speak out to clarify.
However, the decision is obviously yours.
Best
-Gina

________________________________________
From: Froines, John [jfroines@ucla.edu]
Sent: Thursday, March 04, 2010 10:29 AM
To: Blanc, Paul; Solomon, Gina
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing

I agree with Paul.
John

-----Original Message-----
From: Blanc, Paul [mailto:Paul.Blanc@ucsf.edu]
Sent: Thursday, March 04, 2010 8:36 AM
To: Froines, John; Solomon, Gina
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing

Gina I would not be able to do this. John's idea of Dr. Hammond is fine
if she is in to it. I am not necessarily of the opinion that anyone from
the advisory committee should be there, however. Paul

-----Original Message-----
From: Froines, John [mailto:jfroines@ucla.edu]
Sent: Wednesday, March 03, 2010 9:44 PM
To: Solomon, Gina; Blanc, Paul
Subject: RE: Methyl iodide hearing

I have to be at a conference for half a day on the 16 th so it will be
difficult.  I am skiing and I have no materials with me, so it would be
almost impossible to prepare.  I won't be back until the 14th and have
to fly to Sacramento for the meeting.  Paul or Kathie would be the
better choice.  I don't want to testify unprepared.
John

-----Original Message-----
From: Solomon, Gina [mailto:Gina.Solomon@ucsf.edu]
Sent: Wednesday, March 03, 2010 8:06 PM
To: Froines, John; Blanc, Paul
Subject: Methyl iodide hearing

John and Paul,

mailto:Gina.Solomon@ucsf.edu
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mailto:Gina.Solomon@ucsf.edu


It looks like Florez wants to schedule another hearing on methyl iodide
for March 16th. It's important for someone from the SAC to be there to
present the findings, if that's at all possible.
Any chance either of you might be able to do it? If not, is there anyone
from the committee that could?
Thanks!
-Gina

Gina Solomon, M.D., M.P.H.
Co-Director, UCSF Occupational and Environmental Medicine Residency
Program
Associate Clinical Professor of Medicine
Associate Director, UCSF Pediatric Environmental Health Specialty Unit
University of California at San Francisco
Phone: 415-206-4279
Fax: 415-206-8949
gina.solomon@ucsf.edu<mailto:gina.solomon@ucsf.edu>

mailto:gina.solomon@ucsf.edu


From: Solomon, Gina
To: Froines, John; Blanc, Paul
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing
Date: Thursday, March 04, 2010 11:17:38 AM

I thought the SRC had concerns about comments in the press that the committee had somehow
overstepped their charge and stated that methyl iodide should not be registered. I thought you had
requested a retraction or clarification from DPR about that issue. That's what I meant by misconstrued
and misinterpreted.
I don't think they will be interested in doing written questions.
-Gina
________________________________________
From: Froines, John [jfroines@ucla.edu]
Sent: Thursday, March 04, 2010 11:08 AM
To: Solomon, Gina; Blanc, Paul
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing

I don't know what you mean by misconstrued and misinterpreted.  My time
is such that I cannot make it.  What about our answering written
questions.  Paul:  give me a call at 
John

-----Original Message-----
From: Solomon, Gina [mailto:Gina.Solomon@ucsf.edu]
Sent: Thursday, March 04, 2010 10:54 AM
To: Froines, John; Blanc, Paul
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing

Paul and John,
Apparently Senator Florez ONLY wants members of the SRC to speak at the
hearing. No advocates or anyone else. He wants to focus on the
committee's report.
I'm not sure why you think that the committee shouldn't be there to
explain their findings. It seems likely that the SRC's report will
continue to be misconstrued and misinterpreted by others unless members
of the SRC explain the findings. That's what happened in DPR's press
communications, and it will continue to happen unless members of the
advisory committee speak out to clarify.
However, the decision is obviously yours.
Best
-Gina

________________________________________
From: Froines, John [jfroines@ucla.edu]
Sent: Thursday, March 04, 2010 10:29 AM
To: Blanc, Paul; Solomon, Gina
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing

I agree with Paul.
John

-----Original Message-----
From: Blanc, Paul [mailto:Paul.Blanc@ucsf.edu]
Sent: Thursday, March 04, 2010 8:36 AM
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To: Froines, John; Solomon, Gina
Cc: S Katharine Hammond
Subject: RE: Methyl iodide hearing

Gina I would not be able to do this. John's idea of Dr. Hammond is fine
if she is in to it. I am not necessarily of the opinion that anyone from
the advisory committee should be there, however. Paul

-----Original Message-----
From: Froines, John [mailto:jfroines@ucla.edu]
Sent: Wednesday, March 03, 2010 9:44 PM
To: Solomon, Gina; Blanc, Paul
Subject: RE: Methyl iodide hearing

I have to be at a conference for half a day on the 16 th so it will be
difficult.  I am skiing and I have no materials with me, so it would be
almost impossible to prepare.  I won't be back until the 14th and have
to fly to Sacramento for the meeting.  Paul or Kathie would be the
better choice.  I don't want to testify unprepared.
John

-----Original Message-----
From: Solomon, Gina [mailto:Gina.Solomon@ucsf.edu]
Sent: Wednesday, March 03, 2010 8:06 PM
To: Froines, John; Blanc, Paul
Subject: Methyl iodide hearing

John and Paul,
It looks like Florez wants to schedule another hearing on methyl iodide
for March 16th. It's important for someone from the SAC to be there to
present the findings, if that's at all possible.
Any chance either of you might be able to do it? If not, is there anyone
from the committee that could?
Thanks!
-Gina

Gina Solomon, M.D., M.P.H.
Co-Director, UCSF Occupational and Environmental Medicine Residency
Program
Associate Clinical Professor of Medicine
Associate Director, UCSF Pediatric Environmental Health Specialty Unit
University of California at San Francisco
Phone: 415-206-4279
Fax: 415-206-8949
gina.solomon@ucsf.edu<mailto:gina.solomon@ucsf.edu>
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From: Solomon, Gina
To: Froines, John
Subject: Spring recess
Date: Tuesday, March 09, 2010 8:29:30 PM

John,
Unfortunately, spring recess for the leg. is the last week in March, including the 30, 31, and April 2nd.
How's the following week?
-Gina

Gina Solomon, M.D., M.P.H.
Co-Director, UCSF Occupational and Environmental Medicine Residency Program
Associate Clinical Professor of Medicine
Associate Director, UCSF Pediatric Environmental Health Specialty Unit
University of California at San Francisco
Phone: 415-206-4279
Fax: 415-206-8949
gina.solomon@ucsf.edu<mailto:gina.solomon@ucsf.edu>

mailto:Gina.Solomon@ucsf.edu
mailto:jfroines@ucla.edu
mailto:gina.solomon@ucsf.edu
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